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PRESIDENTS 


MESSAGE 


Changes in Organization of AITE 


By Howard P. kimerson 


President, tmerican lastitute of lndustrial Engineers, Ine. 


The affirmative vote ot the te revise the 


coustitution and set up a new position of First) Vice 


President necessitated reorganization or rearrangenent 
co 

The Committee on Organization prepared a proposal 
Which was reviewed and revised by the kxecutive Com 


mittee and approved by the Board of Trustees 


\s experts on organization, i had seemed a routine 


matter for mdustral engineers to organize ther own 
sweety. Like any other organization, however, had 


yrown like “Topsy until 24 individuals reported to the 


President. Furthermore, a professional socety is net 
operated like a factory or other imdustrial enterprise 
One difference that the Business Administrator, at 


present, ts the panel offieral on the chart 


Principles of Reorganization 


The step When one offfeer becomes overloaded ps 
to delegate and thus divide his responsibilities. 
should they be divided in this case? The principle adopted 
wis as follows: 

The President should deal with plans and polities, 
as well as the general direction of the organization 

2. The First Viee President should assist by 


the carrving out of these plans and poliees by those re 


sponsible lew domg 


November December, 1955. by Slagle 


Morch April, 1957 / 


‘This gives the President LO advisors: the 
birst View President, the stall offeers, and 
the planning committees. The line organization under the 
birst View President is made up of 6 Regional View Pres 


Chart.) 


Organization Chart 


Certain aspects of the jobs on the Organization Chart 
are net sell explanatory. Some of the advisory officers have 
cuties: 

Secrclary te welv the pres 
ident, the Executive Secretary prepares the agemla and 
provides information for the Executive Committee 
Board of Trustees. The Business whe run 
the National Headquarters Offtee operates under bie 
direction 

Treasurer, In addition to advising and reporting on 
finaneiml matters, the trensurer alse this veur acts 
Offices 

Committee. The above ofheers the burst 
Viee President, President, and the Past Pree 
constitute an Commuttee whieh meets 
regularly, onee a month, carrying on tor the Board of 
‘Trustees between its semi-annual meetings 

Journal kditor. The editor of the Journal class by 
He is ex-offiero a member of the Conmnittee on 
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Planning Committees 


The Presidential committees marked P on the chart do 
long and some short range planning for AITE. With no 
specific day to day administrative responsibilities, these 
committees can provide the necessary thinking and 
guidance to the President and Board of Trustees in 
planning and developing AIL and its relationships with 
other organizations and the engineering profession. 

These relationships do not appear on the organization 
chart. AITE holds Associate Membership in the Engineers 
Joint Council and will be admitted to full membership 
when total of Senor and Associate members passes 5000. 
It has a working relationship with the Engineers Council 
for Professional Development, being asked to recommend 
a panel of AITh members to help in accrediting Industrial 
engineering curricula. 


ORSA and TIMS 


Recent progress in relationships is indicated by arrange 
ments for a Symposium on System Simulation to be held 
in connection with the All Conference and Convention 
in May, with the concluding session open to those who 
attend the ALTE conference. Since industrial engineers 
apply results of scence and research to madustrial problems, 
close relationship is desirable with organizations which deal 
with these fields, such as The Tustitute of Management 
Sciences and the Operations Kesearch Society of Americn 


Annual Symposium 


One of the important activities related to ATTE which 
does not show up on the organization chart or in job de 
seriptions is the Annual Symposium organized by the 
Long Range Planning Committee. Participating in this 
are representatives trom industry, from 
versities, and from ALLE. Two days each year are spent in 
concentrated review of some industrial engineering fune- 
tions. Last year, for example, the definition of industrial 
engineering Was formulated. This year statements were 
developed interpreting the definition to various groups, to 
top management, to foremen, to laymen and to high school 
students. At this year’s meeting opportunity was also 
taken to present the new organization chart im preliminary 
form for the opinion of the group. Such developments as 
this, growing out of, but perhaps not orginally contem 
plated in the ALDI organization, are of great importance 
to the future development of ATTIC and the profession as a 


Whole. 


Regional Presidents 


As elective officers, the Regional Viee Presidents have 
hey responsibilities, emphasized by heavy lines on the 
chart. No longer can the president, even with help of a 
First Vice President visit all chapters. The Regional 
Presidents therefore represent the national organization im 
their respective regions, visiting chapters, organizing 
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regional meetings, stimulating new activities. They report 
each year to the National Convention. 


Directors 


The directors are really coordinators. Some of the direc 
tor positions require special explanation. 

Special technical committees on research under a 
Director of Research do not carry out research as such 
but keep in touch with developments and stimulate re- 
search in their respective fields. 

Functional committees have regular continuing duties, 
administrative rather than technical in function. An 
example is the Membership Qualifications Committee 
(MQCC), which meets periodically to review new member- 
ship applications. 


National Responsibilities of Local Chapters 


A development illustrating the importance of local 
initiative is the assumption by many senior chapters of 
responsibilities for certain national functions. This 
development was not contemplated im setting up our or- 
ganization, nor is it covered in job descriptions or organiza. 
tion chart. New Activities along this line include the 
Opportunities Service for job placement information 
started by the Columbus, Ohio, chapter and an 1. E. 
Scholarship Award for high school students started by the 


Fort Wayne, Indiana, chapter. 


Organization Manual 


Job deseriptions for each position on the Organization 
Chart have been compiled into an Organization Manual 
prepared by the Committee on Organization. 


Results Expected 


By lessening the load on the President, more candidates, 
leaders in the profession, should be available to run for 
this office. The First Viee President's position may attract 
candidates with abilities in getting jobs done; the position 
could also be a training ground for the presidency. 

‘Two of the most important squares on the chart have 
not been mentioned, those marked Senior Chapters and 
Members at’ Large. These represent the grassroots. The 
individual chapters and members together with the com- 
plex of committees, directors, and officers are AILE. 

The ideal procedure in an organization like AITE, with 
wdiministrations and voluntary unpaid personnel changing 
from year to year, would be the careful drafting of job 
descriptions, then judicial selection of individuals to fill 
each position, finally handing each his job description with 
the instruction, “just carry out these functions, thus 
wivancing the progress of AILE, and a year from now turn 
mm your annual report of work accomplished.” In a sense 
this is what we try to do, with the National Headquarters 
(fice available to help, and the officers available to co- 
ordinate and give direction to the work of the various com- 
mittees and directors. 

Finally, the organization of AILE is not the organization 
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chart rather those the poss 
ont and working creatively in the structure of miter 


relationships which the chart define- 


Mir Flovd Tither, Board Member at Large and 


Clhaurman of the Organization and Constitution 


member and ofheer of the Cleveland, Ohno, chap 
ter col Chee Wis cleeted by 
the Board of Trustees mm January to serve as the 
View President. Opportunity thus provided 
this year to try out the mew described 


this 


I, OPPORTUNITIES 


the United States Linplosment Service and the affilated 
State Limployment Services throughout the countrys are an 
excellent source of information for the active job seeker. 

there are 1500 full-time state employment offices in the 
Lnited States, These offices are operated with funds sup- 
plied jointly by the Federal and State Governments, usualls 
in conjunction with the State Laemplosment Insurance 
oflices. Since this function has federal and state support, 
neither applicant nor emplover are required to pay a fee. 

offices provide counselors, professional cmples - 
ment specialists, testing facilities and statistical datu of 
interest amd use te beth job applicant= and employers. 

If a local search for men to fl jobs listed by employers 
proves unsuccessful, state and national listings are made. 
local «fliers will have state listings immediatels avail- 
able te applicants. National listings are maintained in the 
state office and are available through the job seekers con- 


tact in the local ofhee. 
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If sou are actively searching for a new position consult 
the state employment office in sour nearest major city. The 
interviewers can acquaint sou with the latest available 
information on job prospects in your immediate area plu» 
additional data on state, regional and national listings». 

lion t make the mistake of classifying sour «tate employ - 
ment service as an unskilled labor source only. Through the 
use of special personnel, trained to handle professional em- 
plosment problems, thes can provide sou with the informa- 
tion and leads which are otherwise vers diffieult to obtain. 
The information sou give them will be kept contidential, 

Cin Tth 1956 your Opportunities Service 
plying the chapter Opportanity Service with monthly listings 
openings ae 1 new and lint will published 
on the of cach month for a tral portal Kaur information 
an openings, contact 

Valeola Wo Aveske Chairman 
Opportaunitice Service Committe 

lh pt 

145 High St 

145. Ohiw 


POSTEIONS AV ATLABLE 


P22 Teaching position, California) Prot) 
bogr Craduate degree and good background in <tatitie- 
desarable. Primary work wall be methods and 
standards baxcellent salary scale and opportunity for further 
graduate study. Position to begin September 15, 1057 

Paper Mill Co. Db trainees, age to 
with | vears exp. Degree in Lb or related field. Analy 
of methods. equipment, materials and product design, of 
ganization amd processing Complete responsability for 
project 

Chent of Consultant Co) Southern US) Direetor of Lb. 
Strong administrator desired with alulity to secure Comper 
ation of executives production exp mvolving accurate 
mensurements Supervise IS at maim plant and 150 at 
branch divistons salary range with leon. 
potential 

Hospital Ohio Staff position FEMALE graduate 
created as result of Lk. survey by Management Consultant 


VEN AVAILABLE 


BSME Norwegian Institute of Technology. Factory Man 
agement mayor, Age 25. 2 vere. exp. as section leader im 
operation of mamtenanece work shops 
motive) Interested in immigrating to the U.S. from Nor 

ves exp. in electrical and metal fabrication field 
time and motion study, work simplification, standard 
data, cost reduction analysis, plant lavout, ete. Interested in 
Th methods, standards of plant layout position 
Desires northern New Jersey, New York City, Southern 
blorida or Southern California 

ves exp tin top echelon positions with major com 
panties Complete supervisory responsibility for general 
foremen, ete Automation background exp. 
reduction, meentives, material flow, office methods, ete 
bormer professor Lk subjects [nterested in foreign assign 
nent of West comst 

Reg S vee exp. methods. time plant 
production control <apervision ANetive in civic 
iffairs Technical faculty Desires position 


production control dept. Supervisor or Chief 
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Summary of the Industrial Engineering 
Symposium, Purdue University, 


November, 1956 


Reported by Austin Weston 


RR. Donnelley & Sons Company, Chicago 


The third such Symposium, sponsored by the AILE 
Long Range Planning Committee, was held at Purdue 
Lniversity on November and loth. These symposiume 
bring together leaders im the academic, consulting, and 
industrial fields to provide a basis for the orderly growth 
of the profession, and to indieate to the AILE desirable 
programs to undertake. This group has been particularly 
interested im the role of Industrial Engineering as an 
engineering discipline and the proper development of 
lncdlustrial Engimeermg within the seentifie framework 
surrounding all branches of engimeermng. In a previous 
meeting, the group developed a definition of Industrial 
engineering which was officially adopted by the AITE. 
(This svmposiumn was reported in the May-June, 1056, 
issue oof the Journal of Industrial Engineering. The In- 
dustrial definition, as developed by the 
participants, was subsequently adopted by the AITE 
Convention m May, 1956. The offieral definition appears 
on the back cover ot the Journal.) Other recommendations 
led to the sponsormg of a “Systems Sunulation Semimar” 
to be comducted at the 1957 National Convention in 
cooperation with the Operations Research Society and the 
Prostitute of ment Scences 

The Purdue Svinpostum was primarily concerned with 
communication and understanding of the Industrial 
It was concluded that most of the 
other protletius lacing the profession, such its curricula 
design, organization and direction of research, proper 
publicity, and the attractiveness of the profession as a 
eareer, could not be properly approached unless the baste 
mission of the Tudustmal Engineer was communicated to 
and understood by all concerned. As a result, the members 
of the Svimposium decided that, while the definition need 
not be changed, it should be expanded and interpreted for 
specific groups. Four expository paragraphs were de 
veloped, each one at explaming what an Todustrial 
engineer is and what he does. Mach of the four paragraphs 
were written in terms which would mean most to one of 
the following groupes: 

Management 

ith Industry 

3. kngineers and Other Staff CGrroups 


March April, 1957 


1. The General Public (with special emphasis for High 
School Students) 

These interpretations were recommended to the AILTE 
as aids in promoting better understanding of the Industrial 
Kngineering profession. They are presented, not as the 
last word on thos subject, but to pray ide a basis for future 


discussion and for use where appropriate 


l. Interpretation for Management' 


The Industrial Engineer makes an engineering 
contribution to achieving management's objec- 
tive, primarily that of optimizing the gains and 
minimizing the risks of an enterprise. He assists 
every level of management by originating and 
developing operating plans, programs and controls 
which will permit the increasingly effective use 
of human and economic resources. 

This is accomplished through stimulating and 
working with other staff and line departments in 
such fields as: 


making location and site, layout and handling 
plan. 

designing organization and operating procedures 
designing controls for organization functions» 
designing tools and equipment, work processes and 
methods 

designing compensation plans 

determining the most economic way of procure- 
ment and use of material« 

analysis and evaluation of data and other informa- 
tion required for these planning tasks» 

conducting research in these 


2. Interpretation for Employees in Industry 


The Industrial Engineer ix a fellow employee 
who is concerned with the problem of finding 
easier ways for you to do your work. He is not your 


'“Management’’ is defined to mean anyone with line respons 
bility and authority to direct others in any type of activity; 
everyone from President, General Manager, Superintendent to 


Foreman. 
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boss, but is merely an advisor to you and your 
foreman. Obviously he ix not as skilled in doing 
your particular job as you are, but he does have 


certain special training and experience, especially 
in the analysis of work. With your knowledge of 
the job, and hix knowledge of ways to analyze and 
study work situations, he can help vou work out 
an easier way to get your job done. As easier ways 
to do your job are found, costs will be reduced, 
and your company will be able to sell your prod- 
ucts at a lower price. This will create a greater 
demand for your. products and more jobs. 

Not only ix the Industrial Engineer interested 
in improving what you, yourself, do, but he must 
be concerned with those things which affect your 
production, and over which you have no control. 
The equipment you use, its position in the plant, 
the building in which you work, the way in which 
your work is scheduled, and the condition of the 
work you receive, are examples of these factors. 
He also works with the various levels of supervision 
on matters not directly related to production, but 
of importance to the continued success of your 
company. 

In his role as an advisor to you, your foreman, 
and other management people, he is continuously 
looking for further improvements, and therefore 
is never satisfied with things as they are. He at- 
tempts to keep up with the best practices and 


newest devices, in order to make sure your com-- 


pany is always doing every job in the best possible 
way. dn performing his job the Industrial Engineer 
must work in different areas and with many 
people in order to help achieve the company’s 
objectives. 

An example of one of the activities of the In- 
chustrial kngineer is to determine the time re- 
quired to perform operations. This time may be 
used as the basis for compensation, to determine 
the costs of producing the product, for balancing 
the production lines and other purposes. Other 
activities that are frequently performed are the 
determination of the best location of plants, the 
proper equipment to use in manufacturing proc- 
esses, better materials and devices for you to, use 
and insuring that the plant is engineered for 


sufety. 


3. Interpretation for Engineers and other 
Staff Groups 


It ix important to differentiate between the con- 
cept of the Industrial Engineering approach and 
the organizational function entitled Industrial En- 
gineering. This can be done by determining what 
the Industrial Engineer does for management; what 
ix the Industrial Engineering approach? The In- 
dustrial Engineering approach is a unique applica- 


92 THE JOURNAL OF INDUSTRIAL ENGINEERING 


tion of engineering design and analysis techniques, 
frequently not as sophisticated analytically as in 
the other, older engineering areas. 

The Industrial Engineer's consideration of peo- 
ple, the design of systems involving people, and the 
manner by which human performance is analyzed 
requires a fundamental, analytical approach that 
is essentially different from other engineering disci- 
plines. 

The contribution of the Industrial Engineer is in 
the management decision making process. The 
problems existing in this area deal with the optimum 
utilization of men, materials, equipment, and 
energy to achieve the purpose of an organization. 
The organization may be an individual department 
of a company, a hospital, an entire corporation, or 
any other groyp organized to produce a product, 
perform a service or carry out a function. The mana- 
gers of the organization need factual information 
arranged to define alternatives and consequences, 
to help them recognize and solve existing problems. 
The Industrial Engineer collects, analyzes, and 
arranges this information in such a way as to fulfill 
this management need, as well as searching for 
better ways to do the job. The Industrial Engineer 
operates in two major areas, the design of new sys- 
tems aml the maintenance and improvement of 
existing systems. 

To summarize, in his work the Industrial 
biagineer: 


|. Identifies problems, gathers facts and appraises 
difficulties. 

2. Visualizes solutions and designs, develops or im- 
proves system. 

4. Searches out requirements for quality, quantity, 
cost and timing. 

1. Makes and justifies results of cconomic analyses. 


Specifies, constructs, installs and, sometimes, 
initially operates these systems. 
6. Desises methods of controlling and of evaluating the 
performance of systems. 
i. Develops acceptance by and secures cooperation 


of those whe operate such systems. 


The Industrial Engineer is distinguished from 
other engineers in that he: 


|. Places increased emphasis on the integration of the 
human being into the system, 

2. Concerns himeeclf with the total problem. 

4. Predicts and interprets the economic results. 

1. Makes greater utilization of the contributions of 


the secial sciences, than do other engineers. 


1. Interpretation for the General Public (with 
special emphasis for High School Students) 


The Industrial Engineer is an engineer who is 
concernéd with the design of industrial enter- 
prises or other types of organizations existing for a 
worthwhile purpose, the planning or blueprinting 
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of the combination of men, equipment and ma- 
terials necessary to produce most effectively de- 
sired goods or services The Industrial Engineer 
differs from other engineers in that his funda- 
mental concern is with operations that result from 
both physical and human forces, and are measured 
in both physical and economic terms. Therefore, 
he is educated not only in the engineering 
methods of analysis and design which stem from 
mathematics and the physical sciences, but also is 
concerned with psychology, physiology, sociology 
cconomics, costs, and human relations. 

He may be dealing in the automation of the 
manufacturing process, in the development of 
methods of handling materials, in the develop- 
ment of procedures to control production, or to 
measure performance of any type of work. He 
frequently serves as management's advisor in the 
solution of special problems. 

In doing his job he comes in contact with all 
functions of an organization and employees at all 
levels. He must be able to deal, not only with the 
technical aspects of his problems, but also the 
human. Philosophically, he is devoted to the ideal 
of helping the nation to use most effectively its 
physical facilities and human talents for pro- 
duction of goods and services. 

A person considering industrial engineering as a 
eareer will find it one of the most rewarding in 
terms of challenge, recognition, and satisfaction. 
The Industrial Engineer starting on his career 


receives the excellent financial compensation con- 
sistent with that of other engineers. The modern 
Industrial Engineer in performing his role, not 
only utilizes the traditional engineering tools and 
techniques, but, also, makes effective application 
of such new developments as electronic computers 
and modern data processing devices. In addition 
the many new developments in management 
science are best applied by individuals with the 
type of education and experience possessed by 
competent Industrial Engineers. Many Industrial 
Engineers, by virtue of their area of endeavor and 
the breadth of their experience, have and will 
continue to progress into top management. 


Future Activity 


Plans were made to build next year’s Symposium around 
Mngineering systems design. Several members of 
the group will prepare case histories based on their expert 
ence to illustrate how the Industrial Engineer (using the 
wording of the definition) “is concerned with the design, 
improvement, and installation of integrated systems of 
men, materials and equipment.” From these, the group 
plans to develop one or more conerete examples of the 
highest type of creative systems design, expressed in non 
technical language. It was felt that such examples would 
stress the unique engineering approach of the Industrial 
illustrate how the Industrial Engineer applies 
scientific principles and methods, and help loeate this 
funetion in an organization structure. Ceeorgia Tostitute of 
Technology was selected as the host for the next Sympo 


sium. to be held in the Fall of 1057. 


List of Participants 


‘Me. Warren Alberts, Director 
ludustrial bogineering Department 
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Professor Amrine, Head 
Purdue University 
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Chicago, 
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New York University 
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ANALYSIS 


ENGINEERS FOR 
PRODUCTION 
MANAGEMENT 


INDUSTRIAL 
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Automation and Time Standards 


By Bernard N. Roth 
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My paper's tithe might be rightly called a “triple 
entrendre”’ its | hope to LSS three subjects, all 
desenibed by that one tithe. [ am gomg to tell you about a 
method of determination of standard time that: 


economically and <tatestreally of the order of needed 
lor 

2 Provides the <vstem anal) sin, cor stem hastic model of the «ystem 
techniques 

Ix in iteelf automated to the legree that all ated 


«tatistical are’ hanteally performed 


The need for prediction of labor content, operation 
times and evele times within confidence limits and known 
degrees of accuracy ts fundamental to economic process 
analysis or automation study and is a primary eritera of 
eHeetive process management. While the primary “sale” 
of time standards im repetitive production has been for use 
in labor cost control, the emphasis 
be oon use in the planning of facilities 

Standards for labor control takes on importance in 
process industries maimly service areas such as main- 
tenance, materials handling, and paperwork. And in these 
areas, due to the diverse “nature of the beast’, the diffi- 
culties created by the nonevelic aspects, .we find that 
other techniques are supplanting stopwatch set standards. 
The trend in process and automation technology is to- 
wards less repetitive manual work, the substitution of 
machine for “direet labor’, and the ereation of jobs to 
adjust, guide, and service these machines. Here again, 
labor content is low, and stopwatch technique becomes 

I want to briefly sketch some of the erticisms of stop- 
wateh time study; these are reported Views and must be 
rejected or concurred) with the ligehit ol your exper. 


The accuracy of the «tancdard not caleulable. Various semi 
ten be have been used to cheek accuracy, but they 
are based on the <tatieties of random and tet rigorously 
apple ible 

2. Stopwatch technique im difheult to apply to eraftemen or 
whitecollar workers from the employ ee relations stand pont, and 
again, trends show that employees are tore and more 
inte these categories 

3. Allowanees for ane leveling of pace are not 
screntiheally determined and applied 

1. The payehologieal factor of performance under continuous 
stopwiate h observation cannot be evaluated mm terme of representa 
tiveness on the part of the worker or the observer. (The more 


complete philosophical and screntife enticmm of stopwatch tech- 
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nique can be read in Adam Abruzzi’s “Work Measurement’ and 
in Giomberg’s “A Trade Union Analysis of Time Study"’.) 


To a large extent, standard data systems such as MTS, 
and others such as MTM, have overshadowed and mum 
mized these criticisms ther appleation to repetitive 
work. In process industries we are beset with elements that 
must be measured and standardized, elements that do not 
vary with distance or with weight lifted, e.g. patrolling 
Instruments, sweeping, manipulating valves, ete, 
Usually these elements are repetitive over a long eyele, and 
become uneconomical to time by stopwateh. 

In synthesizing the irregular peg for the non-standard 
hole we want for process nidustry, a technique: 


That will be economical 
That will have caleulable aceuraey 


3. That will give us a model of a preture of the entire system 

1. That will furnish standard data, or burlding blocks for pre 
determined standards 

5. That will be tmpregnable eriticmim by trresponuble 
or scventifie elements 

6. That will permit us to bury the “eryetal ball” 


I believe that we have “eracked the valve” on a tech- 
nique that fulfills the above synthesis. Sumply expressed, 
it combines random sampling of operational work and 
interruption elements of labor and equipment with pro- 
duction statisties for the perwd of observation, and 
automatizes the handling of the data by taking observa- 
tions on mark sensing TBM cards and processing all data 
and caleulations through the standard electre accounting 
machines available in most plants today 

Let's hit each of these techniques separately and see 
how they mesh into a new technique. 

Random sampling was originated in 1955 by L. HL ©. 
‘Tippett im the english textile industry and appled to 
determine delays and multiple machine asagnments. The 
technique was reported in theory by KR. L. Morrow ou his 
textbook and christened “Work Sampling’ by ©. L. 
Brisley, who reported an appleation to wire drawing at 
Anaconda Copper in Factory Magazine im 1952. As the 
name implies, the technique eniploys random spot obser- 
vations of activity, usually predefined. The percentage of 
observations of each activity mirrors accurately the per 
cent of time spent by the observed equipment and/or 
operators on that activity. This technique by itself ms very 
useful for diagnosis of trouble spots in a system, and for 
derivation of multiple assignments. 
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by combining random sampling of defined work ele- 
ments, operations, and delays with accurate production 
information, standards can be computed for elements and 
or operations. To illustrate, we load a filter-aid into our 
blenders to merenase filtration clanty. During our observa- 
trons we ran 200 batches, utilized a total of 2000 labor hours 
and found that the per cent of observations of filter aid 
lowling compared to the overall number of observations 
was 2°), forexamople. The average time per tilter amd addi 
tion Was therefore hours. (higures are hypothetical.) 
of sampling statistics can give us the “tolerance” and 
confidence limits on the time value, or the odds that 
eertam quantitative limits exist on the stated time. Use of 
random sampling for pace or skill and effort ratings and 
for determination of valid allowances can give us a stand 
ard tune for the element 

Realzable accuracy of standards goes up with number 
of observations, as it does with stopwateh techniques, 
Handling and computing a large number of observations, 
particularly of validation work is attempted, and more so 
om statistical model is desired, becomes imereasingly 
laborious, cumbersome, and fraught with possibility: for 
error as the number and detail of observations merense. 
In handling this mass of data, automation is econompeally 
justified, By keypunching observed data imto accounting 
machine cards we can program computations, and cross 
sort with ense. To owe go one step further, and use an 
electrographic pencal to mark sensititized coding of data 
on cards, manual keypunching is clinmated and further 
economies result, as well as errors mbherent om 

the system as svothesized mehides: 


Ramdom sampling of defined aetivities on 

2 mark sensing card- 

4. mformation with production data ated 

1 Performing sorting, other manipulation. and computation on 
electron data proces te 

Present «<tandard activity time data, allowance 
factor, all with known accuracy limits, and 

6 A statistical model of the overall topreration useful for the cde 
rmvation of relat votes of variable 


A case bistory of the application of these techniques 
ean tlustrate its usefulness in process industries 

We were faced with the problem, in early 1955, of 
keeping pace with a sharp imerense in sales volume, due 
primarily to the securing of new large accounts. As you all 
know, new, heavy processing equipment requires quite a 
time eyele from conception to on-stream: tostallation. [It was 
Obvious that going from shilt 5-day operation to 7-lay 
operation would not satistvy demands. A hard hitting 
taskforce mitiated a complete study of existing capacity in 
an attempt to “streteh’’ it 

Qur resin process generally tollows big. 1. Materials, 
liquids and solids are charged by weight into second floor 
kettles from the third floor, The materials are reacted at 
temperature for a period of time until the wanted degree 
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CHEMICAL MATERIALS DEPARTMENT 
CYCLE TIME REDUCTION - ALKYDS 


TIME INDEX 
Paw MATERIALS 
1950 «1956 
os | 100 50 


> 100 50 


- | 
oo 
MIXING 
Fic. 1 


of polymerization as determined by test sample is reached, 
The hot resin is dropped into blenders on the first floor ito 


cooled solvent 


1 Cools the resin to workable 

2. Stops the reactoon from continuing and changing desired prop 

ertios 

4S) Dissolves the resin to form a solution which ean be more easily 
pumped, packaged, and handled by us and utilized by the 
customer than a resin which generally vers high 


The resin solution is then tested, filtered, and pumped to 
storage tanks awaiting bulk shipment or packaged in 
drums for use by smaller volume customers 

prelumimary analysis of the production system re 
vealed that exeessive evele time om) loading and mixing 
room phases were reducmg kettle utilization markedly. 
The loading Process, serviced by two men and two sets of 
Wits successtully analyzed and bottle- 
necks resolved through standard flow chart) techniques, 
Decreasing the reaction time a chemical processing 
problem priomanity and is not germane to today’s discussion, 
The mixing room phase is typical of the necessary ap- 
proach 

The muxing room facilities melude three sizes of mixers 
and filter presses, muxers, filter presses, storage 
tanks, and process piping. The average crew is six men. 
A mix of about 100 product grades are processed. 

Consider the complexity of setting standards on this 
type of an admuxture with stopwatch technique. Stand- 
ards for each product grade would require a total of 2100 
hours observation time for a one evele product observa- 
tion period. Comparison of similar elements and computa- 
tion of standards by the test techniques would take many 
hours to handle the mass of data. Contrast your own 
experience with stopwatch of evele time to overall time 
standard. On top of this, a methods study to minimize 
the eycle, plus interactions of men and equipment, inter- 
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were needed dmagnosing and correcting 


lerenee, ete, 


trouble 

\ preliminary analysis of mixing room operations led 
to fanulanzation with elements, delays, and activities, 
In designing a sampling data sheet, we soon saw that the 
handing and cross correlation of data would be a stum- 
bling block mm getting results rapidly. This realization led 
to the mnovation of using TBM equipment and finally 
mark sensed cards to sunpliv data handling and com- 
pouting 

Design of the field for the mark semimg card 
followed discussion with our own TBM speeimlist and 
service personnel. Two junior engineers were assigned 
to help in taking data (although expeneneed time study 
men could have been used if available) and were famuslmar- 
ized with the mixing room, with the defined activity ele- 
ments, with the coding and marking system and with 
tour and observation method 

binally, before taking the study, sampling was mtro- 
duced and demonstrated to the foremen first and then the 
operators as a diagnostic tool, The observers were mtro- 
duced to the shifts they would be assocated with. Both 
supervision and hourly employees were cognizant of our 
capacity problem and were “sold” sampling as a solution 
that favored our collective success satisfying customer 
reeds 

The observation tour consisted of muxing SO) cards 
designated with a muxer number, filter press number, or 
personnel designation, and taking component activity 
observations mm the order of cards turned up. Observation 
pot for each preee of equipment was designated, and 
observer mstructed to take “Srp observation on reaching 
that pomt. Personnel tending equipment were also ob 
served from the same pomt. Upon completion of one 
tour a short) rest period would precede the next tour, 
iasentially we had random observations with respect to 
and time, which eliminates the “contact” factor 
prevalent stopwateh work 

Cards were marked for date and hour of observation, 
vross sVstem, equipment number (or personnel, with neo 
differentiation) general and specitie aetivity element, 
leveling and observer Dry riitis 
established about [4 tours hour as the normal goal. This 
meant that roughly 25.000 observations would be taken. 
To suuplifvy observing, a clipboard was fitted with a jig 
to hold and locate cards and with poekets for both marked 
and tnmarked cards 

\s our TBM machines are constantly use, setup 
economies and capacity problems forced us to bateh all 
of our cards and run them through the machine processes 
moone run, otherwise ecards could have been processed 
each day and results tabulated sooner, 
The eurds are processed as follows: 

| Mark sensing punch convert conductive graphite marks to 
punches mm desired field of ecard) Alxo, as a cheek on accuracy, 
indicates as errors cards which have marks (or punches) omitted 
and those that have duplieate contradictory markings. Kate 100 


ecards miintite 
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2 Reproducer puneh activated bry of 
ecard and reproduces date and hour for each ten! Vise 
taneously reads punched master data and indicates error. Kate 
100 cards/ minute 

3. Sorter sorts information inte desired pattern of analyeim for 
tabulation by any of the clastfieatron lated and im any order of 
classification. Thus, if we wish to analyze variation by hour we 
sort by activity and hour and ecards will be summarized for each 
uetivity by hour. We can in mathher contrast shafts, equip 
rent it bes, before aml after «hutclownes procuets, 
olbmervers, ete. The sorter spots error Kate 0) 

4 Tabulator counts anmed priuts or information from 
sorted cards. These printed tabulations give baste data for analy 
sis of operation and delays. A simple error location device m again 


im Rate —-100 carcl«/minute 


Another advantage of cards m= that they form a compact 
record of observation and any further analysis of data 
resulting from the planned analysis can readily be had by 
additional machine processing. 

Two final auxiliary machines that were used are a 
collator, which merges cards separated for certam analyses 
back to the sorted condition that existed before separation, 
and «a key punch, which mechanically reproduced error 
ecards caught by the machimes m context, except for errors, 
Which were corrected by manual punching 

Analysis of the data pointed out quantitative advantage 
of continuous operation, correlation of perenne! 
ference with capacity, personnel utilization and appleable 
corrective measures, queumg problem im product mepee- 
tion (and its resolution), excessive blending time, schedul 
ing improvements, and quantitative value, need for 
improved imstruction communications pattern, working 
pace of group, and also the qualitative mprovements that 
combined familiarity with an operation and "analytical 
ability brings forth. 

Utilization of standards and recommended 
ments is reducing the evele to of lormer 
time, and providing information for scheduling work crews 
and product batches. The entire study took L000 man hours 
compared to 8000 hours that would have been required 
for the stopwatch technique, and two of the observers had 
never before taken either a time study or a sampling 
observation. 

should toueh briefly on the statisties behind thos 
approach. The basie method of sampling is, of course, 
fanuliar to anyone whe has worked expermentally or who 
has observed and generalized. We attempt to observe a 
representative yet economically small position of a eyele 
or phenomena and generalize these observations to the 
unseen yet considerably larger position. Successdul gen 
eralization can be optimized by utilization of statitient 
random sampling and its mathematical properties. Ran 
domizing the time and sequence of taking observations 
eliminates the pomability of bias on the part of an observer 
in taking all data at noon and three-thirty POM, for 
example, to achieve a high per cent idleness, it eliminates 
the possibility that the personnel bemg studied, who also 
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to an extent control the equipment to be studied, can 
antioapate observation and thereby give a non-typical 
performance. Randomuizing also promotes the normality of 
the sample (aside from its apparent representativeness) 
Which allows one to utilize the useful mathematical 
properties of a normal distribution. If all of the samples are 
Of the same overall group or statistical universe or popula- 
tion, then their statistical properties should be 
The similarity that i useful is the means of the sample, in 
our case the mean per cent occurrence of the sample. We 
can use this property and its mathematical treatment to 
deternune whether the samples i question are taken from 
the same group or whether the difference in mean per cent 
midhientes that the groups sampled are different 

This i treated mathematically through mtegrating of 
the normal, or Gaussian curve, which expresses the prob 
able variation of a population due to chance difference 
Observations outside the curve boundaries are usually 
asenibed to other than chanee variation \etually most 
work is done with tables that give probability of the 
observations’ deviation from central tendency as a chance 
variation, or with set ordinates of dispersion and com 
parable probability. The measure of significance or 
tolerance used in our computations was the “Se level” 
Which indicates that tolerances on percentage tmeludes 
all echanee variation that would oecur G97 times of 
1000. Thus a percentage of 24.55 4 2° gives us assurance 
that 997 times out of 1000 the stated per cent will vary 
from 22.5 to 26.5. Simularly any per cent that is said to be 
significantly different from oa population or other sample 
bears the same limits that 997 tines out of LOOO the differ- 
ence os due to some cause other than chance, usually to the 
nature of the different groups sampled 

In the correlation of “personnel present and working” 
with “wail for personnel” we use the “leust squares” 
method of fitting the curve and correlation computations 
to check probable accuraey of the curve; in essenee, com 
paring the unexplamed deviations from the curve of the 
equation to the deviations allowed for in the formation of 
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the equation. The correlation we obtamed was not as 
good as we had hoped for; however, reasonable correlation 
CXISLS. 

Finally the limitations of the technique both in data 
handling and im statistical work. The limitations for this 
method of data handling do not become apparent until 
one attempts to process the cards. Briefly these limita- 


thos are: 


1. Mark «en<ing requires line density in a definite space on the 
ecard Hurried marking pened efe 

2 Machinery and ecards are very sensitive to hunindity. An 
air conditroned TBAT room recommended by the company (and 
by the writer after certam eXperitetits=) tm comlucive to machine 

3%.) Machinery i« very sensitive to cards that are dirty or fraved 
Clean and careful handling must) Cards <hould be stored im 
it compressed condition to avoid Warping 

1 Personnel generally familiar with TBM equipment are not 
with mark tee the eards are 
it ix a relatively special techmique. Much time and effort can be 
by getting «pecial technical assistance im setting ups 


based on mark of card~ 


fesults must be statistically questioned before bemg 
put to use. A difference between the variable in question 
and its control can and often is a chance difference. Don't 
use intuition alone, back it up with a cheek of the signif 
cance of difference and analysis of the variance, Remember, 
that on applying this technique Process, You encom 
pass the setting of many standards and also obtain many 
quantitative conclusions that become the basis for dee 
sions. You don't have to be a statistician, but a working 
knowledge of the statisties of sampling is a must to mesure 
a reliable study with unimpeachable results. 

These are boundaries rather than limitations. Accepting 
and providing for these cautions, we have an economical 
technique that can fulfill the stringent requirements of an 
automation technology. The technique delineates a path, 
but only our own efforts will limit the span of use, or the 
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The Higher Objectives of Industrial 
kngineering 


By M.A. Payne 


General Manager, Lubrizol of Canada Ltd. 


It be suitable at «a tune comedental with a meet- 
mg of our Long Range Pianning Committee to loosen our 
Hnagimations a bat and give some thought to the ultumate 
alms and objectives of our profession. I've noticed in my 
OW CN those objectives Which can be most clearly 
defined are usually the easiest to attam. I've noticed also 
mommy Institute work a need for a clearly defined objective 
for the Institute and the Profession. We have had satis 
factory short term gouls to merease the membership, to 
attain greater representation of the profession, to merease 
the sizeof the Journal, to establish a definition of Indus 
trial but don't believe we have a clearly 
stated objective of the here mound. 

We might begin our search by shifting the level of our 
thinking about our profession up one step. Review your 
fuverte definition of Tndustral Perhaps it 
will be the one recently ollered the 


loclustrial Engineering is concerned with 
improvement, and installation of integrated systems of 
men, materials and equipment. It draws upon specialized 
knowledge and skills in the mathematical, physical, and 
social sciences together with the principles and methods of 
engineering analysis and design to specify, predict, and 
evaluate the results to be obtained from such systems. 

Now ask voursell Whys bor what ultimate purpose 
doweas Industrial bongineers dothe above? What basically 
are we trving to accomplish 

Let's continue our search by asking some additional 
thought stimulating questions. Try to formulate answers 

? 


ter yeu titted | ree\ 


1 Wort the baghest <ervice an can periormn¢ 
I. there a service to mankind that ean only be performed by the 
| cot that beer peerfortnedd by bom 
service that tiny be te be tee the tenn 


low ths we envision the tdealized «tate of the world if the 


prineiples of Todustral were to be universally 
weepted and its techniques developed clase to perfeetron/ 
Would at be a cold mechanreal regitnented world operated bry 
prerenpole thie whom are given neo opportunity te 
evereioe If not: what poart of 


our philosophy would keep at trom 


* Based Upon a presentation to the Jomt Meeting of The AITE 
Long Range Planning Comouttee and The Central Indiana Chap 
ter «of November 15. 
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3. Speaking of Long Range Vlanning, will the Industrial bon 


Kineer, of hos have a place in the scheme of 
things in savy vears’ What baste of ours will so 
survive? 

There are a number of helds of interest of operation associated 
with the practice of Industrial bngineering. Is there a common 
denomimator to these 

> What oath or resolution can our graduates cite as they start 

their careers which will serve as a guide throughout their pro 

fessional lifes (ir stated) another way, with what unique re 

«ponsilulities can we charge our Lodustrial bngineering grad 

nates whieh wall direet them through life? | 

Admitting the Ineustrial bogineer has a reeogmized rhe 


the miclustrial armed commercial order theres he leur meetin’ 


res ten mene ts tes bits res 
sibility net shared by others in order’ For example: 
it special , there a 
Which i unnquely ours whieh we should be recognizing 
proclaiming 

The value of out apparent ter tis In what 


baste terms can we explain ten tts Value will be 

apparent te others 
Since we are considering highe or highest objpeetives for 
a moment the ultimate achmevement of man and mankind ae 
cording to your own religuen love and service 
to Ciod and mankind, perfection, achievement, 
health. wealth, these are the of words nnd 
termes whieh will be to vour mind. Now ask yourself 
are there baste tenets of our Industrial bingineering philosophy 
whieh are concerned in any signifiennt way with thie ultimate 
achievement if ean they be expressed? 
for a moment vou arrived on a for the 
time, or after an abeence of some time, and found a group of men 
erecting th & prominent spot a large bronze statue of a parte ular 
Industrial b.ngineer. Obviously, to warrant such distimetoon, 
this would be a most outstanding man of our profession Now 
ask vourselfl, what thus have clone as an 
bngineer toe warrant this distinetion’ Is there some golden 
thread of profession whine bh this man wertilel have cle 
veloped, and used in his career to deserve such outstanding 


It would seem our answer to these questions would some 
how relate to our service to mankind, at least mm the alti 
mate. [It might, of course, be through service to mestitu 
tions of men government, commercial 
All achievements, | beheve, would be empty i they were 
not somehow related to service to the mdividual ane tan 
kind. | believe our answers to these questions would relate 


to a service whieh uniquely tends to rame man toward 
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pertection. Our answers would relate to a service which 
man to most effectively express himeelf and 
achieve success in his own vocation. 

bor example: If a man is called to medicine, can our 
somehow find application struggles 
approach perfection as a doctor enabling him to give 
more and better attention to more of humanity both 
through help to him as an individual, and through help to 
hin ae a member of a group, as ina cline or hospital 
and through help to him as a member of a larger segment 
| nif ty devoted te the yeneral problem ol health. 
health research, health .service, and preventive health 

If man called to the Vocation of a mechaneal crafts 
an, does not our profession find application in his struggle 
foserve humanity through assistance to the appli 
ention of his arts, crafts, and serenees. The is a machinist, 
net the purpose of our professional practices to estab 
lish for hin an atmosphere wherem he can produce to the 
fullest of his ablulity the arts of hos trade, thereby enabling 
hon to carry bis voentron, the achievements 
of which he iw capable: 

man is called to a vocation mm the held of polities, 
can We tot assist on bie struggle periection broth 
as ano and as a participant in politieal system 
pes 

li we comoder Tndustral lagineering appleation on a 
department or plant bases, are we notin effect attempting 
to the ite ite struggle to reach 

my personal behef our profession can do these 
things. Perhaps at this pomt, vou feel as do, we are stand 
my before a tremendous opportunity, a tremendous chal- 
lenge, and tremendous responsibility. mentioned 
this aren not totally ours, it os none-the-less ours to a 
very great extent. beheve because of our professronal 
status on this field, we have a unique clam to this area of 
service, a claun different and distinet: from that of all 
other 

the presented to this pomt, can we begin to 
put together the objective we are seeking to defines Cer 
beheve we are on the nght track. Llowever, before 
we goany further, let us recognize im establishing a goal on 
objective im the sense we are now discussing, we are not 
setting a standard We are setting an obyective Which even 
the best of the profession aided by the accumulated ex 
penence of many more generations, will hold as an 
never to be attamed. Only such an objective would serve 
the purpose have im mind 

From what has been stated. would seem our baste 
purpose is to serve mankind, to help mankind attam per 
fection of its abilities and talents by leading it or showing 
it, or demonstrating or providing the ideal atmosphere. 
That atmosphere which is most conducive, most stimu 
lating, to the attamment of the perfection of its abilities 
and talents. This service is not limited to the madividual’s 
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effort, but can apply to group effort, even to the more 
complex areas and systems of human endeavor. 

In the broad terms with which we are dealing, we might 
even say as we attam perfection im our profession we will 
assist inankind foward perfection in all of its endeavors 

Let's pause now for a moment on this lofty peak and 
survey our position not om reference to all fields of en 
deavor, but m reference to other fields of engimeermg. I 
would suggest that if our position os truly the one just 
stated, it is one unique among the engineering branches, 
and one for which we need never apologize unless only, 
we find ourselves failing to live up tort. Certainly, no other 
enginecrimg branch faces quite the challenge we must see 
before ts. 

To summarize the objective just developed, [repeat the 
following. (It ws admittedly imperfect, but will assist the 


Progress thus } 


The basic objective of Industrial Lngineering is to help 
mankind attain perfection in the application of its abilities 
and talents. 


Proof 


To atiempt a sort ool proolor try-out ol this statement, 
let us go back and cheek it agaist the questions asked 
earher, Our first question was “What os the highest service 
an Podustrial can perform?” We can now answer, 
“That service which helps mankind attain perfection im 
its abslities and talents” 

doweenvistona world with our Lndustrial 
ing principles universally accepted? We might answer 
bright indeed, af in that world each individual is en 
couraged, assisted to exercise his abilitves and talents in an 
atmosphere most conducive to bring out that which is the 
best him, both on bos individual and in his group efforts. 

Will this philosophy have a place in socety in 500 years? 
Yes, and | dare say for as long thereafter as there are 

Ix this a common denominator of the various branches 
Ol our prolession Yes 

Does this objective have sufficient depth and meaning 
to provide a stutable basis for an mspirational guide for 
our graduates? Most certamly it does 

Po won't run through all the questions presented cearher 
but think you'll find the objective stated can 
satisfactory answer to all of them, 

however, to pomt out there is a clement im 
our profession of something tremendously worthwhile 
something, which of brought to focus and deserbed, can 
he of real help to us m our own search to be of better 
service to mankind. T think we owe it to ourselves and 
sone ty to week out thos element: define it to the best of 
our abilities, and postall it rghtful place as the goal 
and the baste reason and pone ol our tine prolession. 

hope my words will stunulate thinking on this area. 
Thinking which will eventually result in the clear torn 
lation and statement of the higher objectives of Industrial 
engineering. 
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Proposed Program for Graduate Study in 
Operations Research and 
Systems kngineering 


By VI. Salveson 


onsulltant search A’ Suntheata (‘onsulling Services, (iene ral pany 


OR: A Growing Opportunity 


In industry and im the mulitaryv, enthusiasm i growing 
for what ow termed here “Operations Research” and its 
Closely related subject) “Systems Engineering.” [tts 
Timely, therefore, that the American Society for Engineer- 
ing bedueation, the Operations Research Society of America 
and the ALTE should examine how to educate persons for 
this new profession. Each Socety has mvestigated this 
question recently, eg. see (1, 2, 3). Lam happy to offer 
Views its thins Process Frankly, 
an enthusiast for the ios here 
| shall be able to mfeet the readers, too, with a behef on 
these opportunities 

In order to provide the background and onentation for 
mv remarks, | will retrace bnefly some of the recent de- 
velopments of OR. CL will not duplieate the extensive liter- 
ature bistorvy and genesis whieh mn a real sense ean 
be traced to the Egyptian Geometers and wall 
endenvor to extract certam conmeeptis trom two reeent, 
stnplified examples and, then, trace the path via whieh 
these concepts have evolved rites the current promt bole 
future practices and attitudes in this field. This will permit 
me. then. to make some on yraduate 


for OR at lemst for business and 


Two Simplified Examples 


Two World Wor ol ions Research, 
yreatlhy illustrate ry Concepts, 
The first was a problem brought to the attention of thie 
merensing them effeetive hormzon, sav. from a radius of 
ten tathes te filtv mules. When the submarines began to 
use the radar equipment, the number of contacts wath 
enemy aireraft toghtenmgly. The submarine 
commanders” tmedimte renetion to the mereuse was that 
the Japanese carned equipment to detect search 
radar signals; with such equipment they could discover the 


submarines and “home on them radar signals. The 


* upon a presentation to the meeting, June 1056, 
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therefore, was to discontinue using or 
to remove the radar equipment from the submarines. The 
Kleet Commanders asked the Operations Researchers to 
make a study of the situation and submit them findings. 

The researchers “theormzed” that the number 
of aireraft sighted should be roughly proportional to the 
area swept by the search deviee, whether visual or radar, 
and that the area of the circle swept at any pomt is pro 
portional to the square of the radium of the search horzen. 
It should be expected that, with a racius five times as 
yreat, the number of contacts should be approximately 
25 times as great. (Approximately is used here for sim 
plicity there isan uneertamty mvelved mm sighting 
an aireraft, either visually or by radar whieh varies as the 
distance from the observer.) By analyzing the results of 
actual sightings with vidiial and radar devices with refer 
ence to this “model” of “theory of radar search”, the 
operations researchers mmiferred that the Japanese planes 
did not have. or were not using, macdar deteetion and hom 
mg deviews. Tlencee, the radar was serving its purpose with 
out adverse effect and the submarines should continue to 
use the radar search equipment. Post-war 
proved thie researchers were mm ther 
Inlerenee 

In the theatre a different type of problen: was 
encountered, The of the Ar noted 
that, as the number of planes in a bombing 
the number of planes lost i that rad also merensed. The 
wre should the size of the borer fleet be 
or larger m order to losses for a 
of bombs dropped and bomb effeetiveness. “The 
belied was that the size of the bomber fleet should be nusde 
smaller of larger, The operations researchers 
stuched the situation and theorzed that the number of 
planes lost did inerease as the bomber fleet size was om 
creased, bert that it was lexs than 
An analysis of the inter-action of the enemy 
with the attacking bombers wae Et that, 
with «a fixed enemy fire power, the total number of hits 
should not merease proportion to the of bothers 
in the fleet. Thus, the conclusion was that the larger the 
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bomber fleet, the smaller the-expected percentage of planes 
to be lost and that the large fleet size should be used. As 


you recall from the headlines, this policy was adopted by 


the aur 


Training of karly OR 


The mayority of operations researchers who made these 
types ol studies were scentist=, usually tramed in some 
discipline charactenzed by screntifie obyectivity and rigger, 
such as physics, nology, or other, In studying these new 
situations, these scientists recognized that an important 
part of ther work was domg “research” to discover the 
relationeshipe between the of the 
tion or system under study. Tence, these screntists termed 
ther work “Operations Lesearch.” Tlowever, if you ex 
amine it closely now, you ean see that, mdeed, they 
did do research to discover principles, relationships, ete 
yoverning a system or circumstance. But, they proceeded 
beyond discovering principles or underlying theory, they 
“designed” or elements of a system seo thaset 
the svetem asa whole would behave im some tianner which 
they (on ther side) considered best. The mnportance of this 
“design” napect ol thea work should not be under-om 
phaszed nor underappresated. OF course, they based 
them deagn upon an exploit, rational theory of the case 
Which was complete with assumptions which they could 
text and with conclusions deductively obtamed. The syin- 
bole portion of the theory they termed a “mathematical 


model,” although engimeers and physicists more often 


use the term “rdenl svstem 


“Methods Focus” of Early OR 

\fter the war, the operations researchers asserted that 
them methods and they emphasized them “methods” of 
research were equally appleable to madustrial 
operations. Thus, much of the early post-war work inion 
dustmal operations research was “methods focused” In 
any ease, they made many useful contributions. Tn re- 
to these and to the apparent 
cosses Operations Research achieved durmg the war, 
certain persons in General decided that OR should 
be carefully to determine whether or not) the 
‘clans made by the operations researchers were valid and, 
how best this collection of or concepts 
could be used within the Company. The essential findings 
of the study were us collection ot tools, 
Operntions Research offered a small but taportant re 
finement methods of solving problems whieh often were 
resolved already by expenence and This was 
substantiated others. Levinson (FORT NE. 
November 1560) and mysell OF INDUS 
TRIAL ENGINEERING, 1955 and 1954). Llowever, 
quite nhove bevord the ol ions 
search as a collection of methods, the study group recog 
mized much greater protensticlities af the broader research 


and design concepts as the basis for a particular kind of 
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= 


work with a definable and identifiable contribution to 
a business. At the msk of over-simplifving, it might be 
said that the essential findings of the study group were 
that a business enterprise as an operation or a collection 
of operations is amenable to rational idealization, analysis 
and design, just as a product, for example, is amenable 
to rational idealization, analysis and design. The un 
portant discovery of the wartime operations researchers 
Was not that operations could be researched by scientific 
methods, but that they could be idealized and designed 
by conscious, rational processes, meluding  screntific 


methods. 


Discovering the Enterprise. 

rom this discovery arose the important concept of the 
“design of an enterprise’ as the central contribution of 
OR. The special format through which the design is ex 
pressed is mentioned later. However, the design task ts 
very challenging and it is not at all obvious as to how if 
can be performed rationally. will consider this point 
ino meore detail later. OF interest is that the con 
cept leads to the usefulness of a special component of the 
business enterprise to design the enterprise, just as a com, 
ponent is needed to design the product. Tt has been found 
that this component is most effeetive if it ois coneerned 
with the design of the enterprise in the broad, in identically 
the same sense that the svstems engimeer in “hardware 
systems” is responsible tor the design of the system in the 
browd, and not the design of the components of the svstenis 
mt detail. This coneept and need have been studied care 
fully and its recognized also the managers 
of some of the Departments of the General Klectrie Com 
pany. (kach department is a highly autonomous enter- 
prise.) Thus far, a significant number of departments of 
the Company have adopted such organizational compe 
nents and, now, are domg work of this type under the 
name Operations Research and Synthesis.” 

The from this innovation are quite in 
birstly, it as to be expected that the Creneral 
hlectrie Company would be one of the earliest companies 
to recognize this new aren of rational, comserous design 
work. [tos virtually the largest employer (outside of the 
(sovernment) of screntists and engineers. It should be ex 
ported, therefore. that at would recemenize early the up 
plieabulitv of the seentihe and engineermg skills and 
ret only te the design ol its promiuct, alse 
to the design of its enterprises. As this idea is more fully 
developed, itis to be expected that industry inp general 
will follow this lead and will learn how to use their seen 
tific, managernal, and engimeerig talent and skills this 


Impact on Education 


that the on education of this 
tion in enterprise design will be a mushrooming demand 


for manpower especially tramed tor this work. The um 


Volume Vill, Number 2 


versity, of course, will be called upon to supply the de- 
mand. Indeed, this demand already is bemg expressed 
now the large number requests for 
graduates who combine tramig the scrences and seten- 
tifie methods, in the mstitutions and concepts Of 
andoin the application of these methods to those mstitu- 
tions. A few universities have taken a leadership role in 
regaras, of which are the Sehool of Lndustrial 
at Carnegie Tnstitute of Technology; the 
Departinent of Executive Pro 
gram) University of Caltornia, Los Angeles; the Depart 
Vi Science at Case of Tech 
nology. the Department of Tndustrial at the 
Diversity of Michigan: Department of Tndustrial 
neermg, Columbia University; Operations Research 
Svstems= Program om the Moore Sehool of 
engineering at the University of Pennsvivania; 
and several others 

this same regard, in the American Socety of Me- 
Chanteal we have formed a special committee 
on “Operations to pursue this same subject, 
The term was selected as tts 
name beenuse, properly coneenved  em- 
braces the full speetrum: of mitellectual activities: 
tivity, research, development, design, svothesis and ap- 
plieation. Thus, “Operutionus Research” as a term was 
considered deeeptively restretive of the Conmunittee’s 


~phere of mterest and metivaty 


The Process of OR 


The have stressed thus far om that the Process 
of “Operations Research’ os verv simular to traditional 
engineering design work. Thus, our svllogism requires 
that we briefly review now the Process prembuct design 
Tt omvolves, of course, conceenving the idea of 
a product, domg research if necessary to discover the 
prineiples or to discover what existing principles govern 
the cl the prociuiet, as tor example: fielel theory, 
ol energy, comservation of 
motion, or other The partieular iotelleetual processes 


‘ 
ure: 


that the preduet of we bee useful in affairs of the world 
totimt be brought te the conm-crous by some creative individual 
before it can be designed and constructed) The ability to eaneeive 
the lea for a new or modified product requires good understand 
mg of the technical screnees whieh underly its the 
feasthality of producing and designing the product, as well as ite 
relative tisefulness to or its members 

theory of the wtorsvetem «o concenved While he 
product or object chery theory of that prewuct such 
theory he has neo for the object This theory 
mecludes, as anv other theory meludes. a set of undefined terma, 
axioms. and specie theorems on the tise which underly 
thee ration of the 

In the “hardware” fields of engineering, the usual undefined 
termes include a energy, tetnperature force, ete. The axioms 


ure thie known al stud al principles, well the 
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existence of a need fora produet amd of the Processes ated resources 
to produce it. The theorems are statements the 
on how or would operate of behave 
These are the ‘mathematical of “ndleal used to 
approximate a given product or system 

The design of the rs the ated ts 
a coneretion of those theore= a specie tent steel 
structure The design t hee Components ont the 
the inter action of the Compete tits the matertals ated properties 
of the components The design usually is portrayed in some man 
her approprinte to the needs s<ueh as 


thet riictions, 


Subsequent steps om the total process would mehude: 
construction of the product, operating or using the pro. 
uet and obtaming “feedback” on the operation of the 
proaduet so that the baste axioms, theorems or design can 
be corrected and the resultant design perfected ever 
further. 

In the usual “hardware engimeerng’” the knowledge 
and skills principally required in engineernmg a product 
are om physies, chemistry, engimeermg mathematics, 
engineering dratting, language and, recently but still mi a 
the economies of the produet. Thus, most) engimeermg 
curricula now emphasize the subjseets whieh underly 
“hardware engineering.” This emphasis is necessary and 
highly desirable, of course, tor those engimeers who wall 
confine ther careers te procuect or hardware 


ring. 


Process of Enterprise Design in OR, 


li the proposition that an enterprise or operation abso 
can be rationally and conmserusly designed is true, then 
the of enterprise of operations deaign can be 
shown be consistent with the preceeding process bor 


engineehing a product. On iespeetion, itm clear that the 


conception and design of an enterprise does follow. the 
preceding process, although at present it often may be 
largely intuitive, just Sth century hardware 
engineering Was largely otutive. Tlowever, OR has 
demonstrated that it is posable now to reduce the amount 
of purely intuitive design and analysis and to merease the 
level of mgor of this work so that it is comparable with 
the level of serentifie mygor in the more developed telds of 
emoneerng. Phe sunpliied World War examples 
trate the conception theory«lesign sequence opera 
tional engimeermg. Although the Process ter 
enterprise is essentially the same as applied to a product, 
the enterprise to produce a good or service is at least as 
complex as the good or service Which it mm to produce 
Actually, of course, it ts usually vastly more complex and 
intricate. Thus, the diffieulty of designing the enterprise 
is at least as great as designing the product. bor example, 
a business enterprise can be viewed as any and, sioaul- 


taneously, as all of the following 
\. A set of physical facilities 


\ finaneral mvestment and of cule rixmke 


(" A network and avetem of cash anc value flows 
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1) \ network and eVetem «ft material flows and material 


formations 

b.. A collection and structure of individuals, each with certain 
attitudes and abilities 

A deamon and communication network and «system. 

(5. A device for making decimions on use and allocation of scarce 
resources, 1. on rationing and economizing 

An instrument for ying human material needs, 

An metrument for satimfving human social needs 

J. The locus at which we mdividually and collectively practice 
ethics, morals and religion 

K. An opportunity for pevehological releare of our aggressive 


propensities 


A butsiness enterprise is each of these and it os all of 
these simultaneously and more; hence, the design of any 
enterprise must account for all of them simultaneously. In 
desing the enterprise, it is necessary to consider each 
aspect of the design from each of these perspectives and 
to assure that the coneretion of the theory of the enter- 
prise inte the design is at least consistent with the needs 
and requirements m each of the other aspects. Thus, if an 
enterprise is designed with the care and) precision with 
Which a product is designed, the task is usually far more 
difficult 


Broad Scope in Application and Kducation 


OF course, no single screntist, engineer or analyst alone 
could design an enterprise of any significant seale and 
Rather. a with appropriate ~kills 
necessary for this purpose. Tlowever, all persons partic 
pating in the analysis and design of an enterprise should 
have the breadth of perspective to envision whether any 
design decision one aren would have an in any 
at the many other aspects of the business. As can be 
trom the list above, olan enterprise 
mvelve such diverse scrences and disciplines as economies, 
deem theory, compilers and electromes, ete. 

Thus, Operations Research and Systemes 
as applied to business enterprises, require a wholly new 
level and breadth of tramung and understanding for ade 
an dbulity to chiseern and test relatvons and in 
socal or even economic systems, the 
ability to coustruct idealized models and oor theortes of 
such for testing and selecting alternative designs 
nnd te reduce alternative te 
nied to transhate those inte the Appre- 
priate information tor communication, The prod. 
uel engineer's techniques are primarily 
the engineenng drawings and instructions and or ma- 
terial Process specications The media tor communt- 
und translatog enterprise design those of 
product engimeermg plus, at least, the following: ver- 
balized poliey and attitudinal statements, verbalized and 
graphic plans, organization hnerarchieal charts and net- 
works with particular reference to mformation decision 


networks and structures and to communication and in- 
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formation networks, decision criteria and rules, planning 
criteria, methods and rules, operating characteristics of 
facilities, operating methods and procedures. Obviously, 
therefore, the task of designing an enterprise and trans- 
lating that design into these appropriate information 
symbols is a complex task and is as challenging as the de- 
sign of any physical product or system, especially if it is 
designed with rigorous scientific methods, rather than by 
unaided intuition. 


Examples of Designing An Enterprise. 


The following is a brief description of one instance in 
Which these concepts were used in achieving a new de- 
sign of a business enterprise. The enterprise in this in- 
stance is engaged in the design, manufacture and market- 
ing of a large apparatus equipment. The mitial study was 
undertaken in order to improve one operation in. that 
enterprise; that is, the product engineers were planning 
to use new methods and facility for certaim design engi- 
neering computations. Tlowever, before they could use 
their new methods and facility with greatest advantage, 
it became clear that they should consider the possibility 
of changing the product from a custom-engineering prod- 
uct to one which would be engineered from standard 
components and with a standard or generic shape and 
configuration. The economic feasibility of the new facility 
depended upon the technical and economic feasibility: of 
the change im the basic concepts and method of designing 
the product. Upon analysis of the total system, it was 
found that a change in product concepts, in turn, de- 
pended upon the technical and economue feasibility. of 
many other changes, such as, the marketability of the 
redesigned product, its relative operational eflicieney in 
the customer's system, the methods and ceomomy of its 
maniiacture, the methods of drafting its plans, the 
pricing and competitive poles which the redesigned 
products would allow or require, the advertising and 
sales promotpon theme for the redesigned product, the 
changes mm the basie manufacturing theory to adjust to 
anticipated changes m character of demand, ete. In addi 
Was necessary to redesign riethods 
dlures allecting personne! tis to tor the 
and social needs in the new environment with its implied 
changes 

Before the change method of design Computation 
could be made, it Was necessary to interpret it and its 
derivative changes or mm virtually all other 
operations of the enterprise so that the enterprise as a 
Whole could be redesigned and restructured to aceom- 
niodate the new operating characteristics of that one ele 
ment of the enterprise. The redesign of the enterprise 
required a coordinated and integrated study of the bust- 
ness as a Whole and of its components, such as market- 
Ing, manufacturing, engineering, advertising and person- 
nel poliaes and procedures, For most effective redesign, 
the study group needed the ability to manipulate diverse 
concepts or principles, such as, in electrical engimeering, 
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engineering, manulacturing engineering, market 
analysis, economle analysis, game theory or competitive 
strategy, communication and information theory, psy- 
chology and group dynanues. The output from their 
studies is a new design and structure of that enterprise 
anew wav of domg busimess. The overall design, in turn, 
is translated into the brnek and mortar and the detailed 
desigen lor all ol thie enterprise bry the 
bers of theme TIES, such manner that the 
design of each component is reliably consistent with the 
obyeetives comecepts thie whole 

The ehanges. by the otroduetion of 
the new computation method, resulted essentially a 
course, mot all redesigns are as dramatic. most im- 
stunees, the redesign te be effleetive must be continous, 
just as the redesign of a product must be continous of 
that produet os to remam competitive. The need for 
eVolutionary redesign of the whole enterprise may arise 
from any change im anv of the of 
thie enterprise, it its its im its 
of environment, or other, The truits of 
anv enn be only when the 
“Vstem or enterprise has been designed to accommexlate 
amd to achieve that Tlencee, evolutronary de- 
sgn oot the enterprise for tmeovation and change ims de- 


“hing tor progress 


Suggestions for Lducators 


Altheugh this written pronanivy for engineering 
mducators, tus to be noted that the betas researcher, 
enterprise oF Whatever he be termed, is mot 
the entrepreneur or entreprenegu-manager. Tle is a dele- 
gant of and, henee, responsible to the entrepreneur, just 
as other delegunts also are responsible fo entrepreneurs 
for the performance Ob ther respeetive delegated 

The educational question mm regard to the enterprise 
analvers amd design discussed herem im not 
Whether tous te be performed at all but whether it is to 
be performed ably and by persons especially tramed for 
it \lready a mal course has been established im the 
(jeneral Company's Operations Research and 
Svithesis Consulting Servier tor persons enter- 
this of work. OF course, onee the university-level 
Schools of and of Administration 
begin to offer integrated curmeula mm this new funetron, 
this special course may well be diseontimued. [tis noted 
that this course does not emphasize the teehnicques 
linear programming, quenemg theory, ete., which already 
are widely available but, rather, the and design 
funetion for which these techniques are but some of the 
tools. Pam confident that special tramng can 
and will be provided im the near future by university- 
level graduate schools of engineering and, possibly, of 
business administration through them curneula om the 
MIanagement Sevnces. \ly suggestions as to yracduate 
study im preparation for this field are as follows: 
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(;raduate training for whom? 

Firstly, as S. F. Teele, Dean of the Graduate Sehool of 
Business Administration, Harvard University, onee sand: 
‘There are some tricks ean teach only to old hemes 
The problem of enterprise analysis and design is, indeed, 
one Which ean be best te “old clogs,” or those whe 
personally have expenenced the multipheinty of the eon 
flieting demands and imterests which converge on the 
managers and desygners of enterprises and who, therefore, 
already realize the existence, difheulty and urgeney of 
reconetling the demands om the design of the enterprise or 
its operations. Thus, graduate study on this field should be 
primarily for those who have lemst sone 
amount of expernence mn business or mdustry and whe are 
both intellectually and emotionally ready for such tram 
ing. There is, of course, an opportunity to develop anne 
offer undergraduate for “vwoung whe 
wish te enter this profession. That presents, however, a 


design problem carved os comstdered here 


Suggested Curriculum Content 


Secondly, as to subject matter, | would hesitate to 
outline specitie Courses and numbers of study hours whieh 
would be desirable. Rather, | would suggest arenas om 
ordinaniy provided by the more traditional engineering 
currieulum ought to be avatlable. These le, belewe, on 
five eategories. They are not necessaniy mutually ex- 
clusive nor complete. But they are suggestive. 


Relevant serenees of bodies of know one the of 
the real world. These would melucde’ 
1. Phystes 
2. Chemeetry 
4. Pevehology, Processes and Meotivat 
beonmomics and eograply 
Relevant metitution= of soemlly and meivedually 
1. Government and Politeeal 
2. Control of Leonomic Netivities 
3. History 
1. Citizenship and of Political and beonome 
ies 
5. b.thies ane y 
and beonomic and Practices 
Relevant tools of formal analyem or «vinbolie for time 
itt manipulating vleal 
1. Usual Mathematies 
2. Logie and Boolean Algelra 
4%. Linear Algebra and Matrix Theory 
1. Probalality and Stati«ties 
5. Caame Theory 
6. Caleulus of Variation 
7 Mensure Theory 
La Place Transform and Operational Caleulus 
1) Relevant conatructa or the materiale, process of 
analysis a8 appled to speeihe phenomena 
1. Usual hogineering Course plus 
4 Information and (Communication Theory , silly 
related to Man Man and Man Machine Communication 


Systenus 
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4. keonomic Analysis (Qualitative and Quantitative) exsen- 
tially as Business beology 
4. Systems Theory and Network Analyris 
5. Information Processing bLquipment 
b.. Phenomena of enterprise or the phenomena characteristic 


primarily of organized human endeavor 

1. Individual and Group Deecmion Processes and Group 
Structuring 

2. Organization Theory in Individual, Social, Man-Machine 
and Group-Machine Systeme 

4. Decision Theory and Competitive Analysis 

4. Creativity and Idea Propagation 

5. Individual and Group Motivation. 

Value Theory and (howe 

7. Program Vilanning and Testing 


“Causes” for Idiographic Integration 


The above constitute, according to my experience both 
mondustry and academia, the intellectual equipage for 
professional work in this field. Tt is, however, only the 
point of departure and not the goal, Finally, and = im- 
portantly, the student should be given concrete experience 
and competence in the applreation of these baste sciences 
to the design and structurmg of operations and/or enter- 
prises. | beheve this ix done best through vieartous and /or 
direct expenence in these functions. Such experience may 
be gained through appropriate case problems, extern- 
shups or on-the-job supervised problem-solving. In all of 
these the student should be required to “solve” or design 
an enterprise or operation thereof whose complexity and 
scope are to challenge his abilities. Tis studies 
and experiences in these should be made meaningful by 
earelul instruction and supervision, by a staff of in- 
structors operating as a well coordinated team with each 
member thereof providing the competences or mesight in 
one or more of the varius disciplines which are necessary 
to solve such problems. The instructional team to ad 
minster the studies and the use of general principles to 
resolve such problems appear to be a significant departure 
from the present case method of studying and traming in 
problems of enterprise design and operation. That is, each 
case, as suggested here, would not be an ad hoe collection 
of circumstances for which no general principles or tools 
of analysis would be demonstrated for solving the prob 
lem ina definitive kind of way. Rather, it would represent 
a unique, but illustrative, collection of circumstances to 
which general principles and methods could be applied, 
lending to the ratronal design of an enterprise or opern 
tion, thereof, in the same manner that “hardware” engi 
probletis can be “solved” to lend, usually, 


design of a product or system for specified purposes. 
Humanities: New Content in the kngineers’ Work 


I} wish to make particular note that the concepts and 
principles imphed above, im humanities, g., ethies and 
philosophy or citizenship and responsibilities of political 
and economic liberties, are as much a part of the intellec- 
tual paraphernalia and design criteria the enterprise or 
operational engineer uses as is, say, integral caleulus or 
thermodynamics. ‘This, | believe, is a view different from 
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that expressed in the recent ASEE report on Engineering 
Kducation wherein humanities are conceived as provid- 
ing essentially an extra-professional cultural background 
for the engineer. My point is that the enterprise engineer 
uses, or is guided by, all of the concepts in the above list 
as may be appropriate to the specific task at hand; in 
many design tasks good citizenship, psychology, or ethics 
is more important than good calculus in achieving the 
optimum-solution or design. 

The preceding recommendations are intended primarily 
for Kngineering Schools where already the student is 
trained and the faculty is experienced in methods of 
science and in the analysis and design functions. The 
range of objects or systems treated in this manner by 
engineers and engineering schools recently has expanded 
to mmelude design and operation of more complex man- 
machine systems. Henee, my suggestion as it applies to 
engineering schools is merely that there is a need and an 
opportunity for those schools to extend the range to 
include those systems called “enterprises’’ as well as 
portions of the operations therem. My remarks are not 
intended for Business Schools where usually the students 
are not tramed and the faculty is not experienced in the 
methods of serence and in the analysis and design fune- 
tions. These schools present a different problem and op- 
portunity which are handled best, [ believe, by a new 
department which T would call a Department of Manage- 


ment Scences, 


Challenge for the Future 


From a broad social perspective, the development of 
operational, or “enterprise” engineering curricula which 
would combine competence the fields necessary to 
devise and design most efficient) enterprises consistent 
with the important responsibilities of the enterprise in 
serving the diverse needs of socety could lead to in- 
portant steps for strengthening and enhancing our social 
system of individual liberties and free competitive enter- 
prise. This enhancement would come from greater as- 
surance that individual and social needs are better satis- 
fied through the structure and design of the total work 
environment and that and material progress os 
achieved effectively and harmoniously through continuous 
redesign of enterprises to effect) social and technical in- 
novatiots. ‘These, ot would seem to be worthy 
endeavors of the university level of Schools of Pingineer- 
ing or the Departments of Management Sernee in the 
Schools of Business Administration 
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Some Statistical Considerations in 


Work Sampling 


By Richard W. Conway 


partment Industrial and Engineering Administration, Cornell niversity 


Work sampling is significant in that it represents the 
beginning of recognition of the problem of work measure- 
ment as essentially one of sampling, estimation and pre- 
diction. It marks the beginning of the use of statistical 
methods to cope with the varimability mherent im work 

The usefulness of «a work sampling estimate depends 
upon the properties of accuracy, precision and “applica 
bility’. 
most of the previous literature on work sampling and thos 


llowever, only precision has been considered in 


always based on the simple binomial model. Other models 
are reasonable and desirable, particularly in the case where 
iteannot be assumed that observations are independent, 

Although all work measurement is actually a sampling 
process the term “work sampling” is generally taken to 
reler to a relatively recent development im work measure 
ment. Work sampling was introduced in this country about 
ten vears ago (2) and has achieved considerable mmportance 
in recent vears. The mechanics of the technique and the 
description of different appleations have been widely 
documented in recent time-study textbooks and the various 
fechmieal journals (1). By way of bret synopsis, work 
sampling has two distinguishing characteristics and has 
been applied to two broad classes of probleni 

The technique is characterized by the use of mtermuittent 
sampling over a protracted interval of time (as opposed to 
conventional time study which is of a continuous nature 
over a relatively short period of tine), and by the use of 
qualitative observations. An observation consists of a 
deseription of the state of the activity concerned at a pur 
ticular instant of time. No quantitative measure (e.g. stop 
wateh timing) is required 

Most of the applications of work sampling can be 
Classified as either the estimation of the proportion of tine 
in Whieh an activity is in a particular state, or the study 
of the activity of a team of men, or machines. The estima 
tion of the proportion of machine down-time was the 
problem that led to the ormination of work sampling (4) 
and much of its application sinee has been to similar prob- 
lems. In faet, the technique ix often called “ratio-delay”’ 
study although by now its use is considerably broader than 


that name would imply. 
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Advantages of Work Sampling 


A significant advantage in effectiveness is claimed for 
work sampling over alternative methods of producing the 
required information. Differences im effectiveness — the 
relationship between the quality of performance and the 
cost of the process are difficult to make precise, largely 
becnuse the quality of performance stubbornly resists 
quantification. For the first type of application that of 
determining a proportion of time devoted to some par 
ticular activity work sampling must compete with the all- 
day time study or production study and with apoeryphal 
allowances that evolve from mturtion or years of bargam 
mg. A saving of from to 75°. of the cost of an “equiva 
lent’ production study m clamed for work sampling 
(1, 2). The accuracy of this estimate is problematical. In 
the first place a reasonable definition of an “equivalent” 
production study has not yet been offered. Moreover, work 
sampling undemably requires a longer time to arrive at 
an answer than does a production study. For the work 
sampling study to cost less maples that the observer be 
able to profitably utilize his time between observations. The 
extent to whieh this frequently mterrupted work time ean 
be effectively used depends upon the particular sampling 
plan, the type of alternative work available, and m large 
measure, upon the individual observer (and his super 
Vision). 

The only competitors to work sampling for the second 
type of appheation the study of team activity are 
sHnultaneous production studies by more than one ob 
~erver and the after-the-faet analysis of accounting and 
production records. The former is so prohibitively expen 
“ve that it m rarely used; the latter yields only an m 
complete type of information that must be consdered a 
supplement to direct measurement rather than measure 
ment itself. Henee the supernonty of work sampling mm this 
area is largely uncontested. The major question m not 
Which method of measurement, but whether or not mens 
urement itself is worthwhile for this type of activity 


Statistical Work Measurement 


Perhaps as important as any achievement or mivantage 
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of work sampling is the fact that it represents the begining 
at recognition that work measurement is essentially a 
problem of sampling, estimation and prediction. Work 
sampling marks the begining of the use of statistical 
methods to cope with the variability imberent work 
measurement. [tt does not represent a solution to the prob- 
lem, or even to a small part of the problem, but only a 
beyinning 

There is a fundamental dichotomy between work menus 
urement and the teasurement of physical quantities. 
Work toeasurement deals with an extremely fragile sub 
stance one that ws very likely to be altered inoits dimen 
sions simply beenuse it ys bemg measured. Work sampling 
differs from other types of sampling in that the measure 
ment assooated witha particular clement of the population 
may be substantially altered simply because that element 
was. selected tor observation. Other areas of measurement 
eneounter measurement errors, and other areas of sampling 
experience difficulty im elemting true responses, but it os 
doubthul whether either encounters as strong and direct a 
motive tor deliberate deception as does work mensure- 
ment. Work measurement tiust offen operate in an 
phere of conflet in which at least one party to the process 
feels that accurate measurement is diametrically opposed 
tots own best mterest. These difficulties require, rather 
than preclude, the use of statistical methods 


Accuracy, Precision and Applicability 


There i lacking om much of the literature on work 
ampli any exphet recognition of the difference between 
the accwracy and the preciesson of an estimate.’ More- 
over, i the population concerning which inference is to be 
nade is defined to be the total period of time during which 
the study is performed, then a third characteristic becomes 
relevant to the usefulness of the estimate. Since the utility 
of the estimate les, general, ints appliealility to tine 
periods other than the parent populatron, itis 
Whether the population Which the estimate 
based is simular to, or representative of, the longer period 
to whieh the estimate to be apphed Tt is quite possible 
to have anestumate that good with respeet to the parent 
population useless the conditions that existed 
during the perod of treasurement no longer obtam 

The literature on work sampling would lead one to 
beleve that given a statement of the error that wall be 


tolerated the estunate the proceedures described will 


lec ts thensure of the degree ot in 
Iiiae is the amount by which the long run, obeerved mean value 
of a setoof measurements differs from the “true” value of the 
Mmensure of the reproduebalits of the 
measured value of a given quantity without regard to the rue’? 
value of that it is comparative based on the 
variance of a setool ineasurement of a given quantity 
At the population os defined to be the longer period to whi h 
the extimate is to be applied the terminology t- oud but the 


problem: remains the 
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specify a plan that meets that requirement. This is not 
true. The given procedures concern only the precision of the 
estimate. They specify the number of observations that 
would be required to reduce the sampling variability to the 
required confidence interval. They do not consider the 
accuracy Le. the amount of bias of the estimate. Con- 
trary to widespread impression accuracy is not improved 
by increasing the number of observations. A con- 
stant bias is unaffected by an imerease in the mumber of 
observations and actually becomes relatively more 
portant as the sampling variability is diminished. More 
over these procedures overlook the important and difficult 
problem of assessing the applicability of the estimate to 
time periods other than the parent population. The overall 
problem of specifying a procedure that yields a useful 
estimate and a limit on the error of the estimate is very 
diffieult and unfortunately not amenable to presentation 
by a neat mathematical formula 

Bias can exist in an estimate due to the use of a biased 
estimating formula. In some cases such a formula iw ad- 
Vantageous im spite of the bias it introduces because of 
other desirable properties. Far more important mn the case 
of work sampling is bias that mn madvertenthy mtroduced 
in the design and the execution of the sampling process. 
This bias is not necessaniy reduced by imereasing the 
number of observations and at cannot be detected or 
eliminated by manipulation or analysis of the data. It can 
be detected only from information outside of the sample. 
It can be prevented only by the proper design and execu 
tion of the sampling Process 

The preepe definition of the population to be sampled, 
the definition of the different states of activity, and the 
method of selecting the observation times are all possible 
sources of bias in the design of the plan. There are many 
possible sources mm the execution. To the extent that the 
worker can anticipate the time of observation and is able 
to alter the state of activity that will be observed, work 
sampling is susceptible to a very 
The observer is sinularly capable of influencing the results 
of study, although perhaps unintentionally, if he has 
latitude im choosing the moment of observation or if there 
is any ambiguity on the definition of the various states of 
metivity. 

The most appropriate methods of detection depend 
upon the suspected source ob bias. Those suggested here 
are means of checking methods and personnel rather than 
mdividual appleations of work sampling. At that, they are 
only partial checks. The extent to which the observer 
contributes to bias can be mvestigated bry having two or 
more observers perform simultaneous studies on the same 
situation. The contribution of individual workers or of 
elapsed time can similarly be evaluated by multiple studies, 
A simple three factor expernggent (observer, worker, time ) 
could be readily used to investigate the properties of work 
sampling as practiced by certain personnel in a particular 
environment, There ts also the possibility of simultaneous 


and sequential application of work sampling and econ- 
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tintious time-study to the same job. This would provide a 
check on the sampling variability introduced by intermit- 
tent sampling as well as on the ability of the worker to 
influence the results of such a study. 

The question of applicability of the estumate can be 
rephrased to a matter of determining a period for study 
that is representative of the permd over which the esti 
mate is to be used. While it ws virtually certam that con- 
ditions will not remain identically the same over 
tended perod of time, it i still worthwhile to avoid 
selecting ‘a period for study that includes some unusual 

Methods and erterima for selecting the length of study ure 
almost completely neglected in the literature on work 
sumpling vet this selection is at least as unportant as the 
determination of the number of observations. There are 
admittedly some autonomous mfluences on the length of 
study over whieh the analyst has little control, The most 
basic of these is the necessity of producing some sort of 
answer betore a certam deadline. Another trequently en 
countered os the limited duration of the activity bemg 
studied. Other restrictions can mvolve matters of estab- 
lished practice or poly, perhaps as written into a union 
contract 

In general, the period of study should be at least as long 
us the period of anv eveleal behavior of the charac 
teristic bemg studied. Such evelre behavior could depend 
upon clock tine, calendar time, physical characteristies of 
the activity, or on polevy or procedural requirements 
such as the Ireqquieney ob or 
Por example, there any a basis for sts 
the of metivity different on different 
dave ob the week, the obviously tet 
bee less than a bull week, 

The adequacy of the perod of study can be evaluated in 
part by the of different portrotns of 
convenient method of doww this the use of the control 
cheek on the seleetron of the length of study is an oeensronal 
over long study or steely 

(diye by tee the is the use of a tweelevel on 
twestage sampling plan. Relatively short periods of studs 
are first selected at randoms, then ure sampled 
as before. This would invelve a prohibitive delay im ob 
results for some applenations, but for 
stiches Whose firelogs wall be perpetuated by contract 
sch as widely used delay allowances thos type ol sian 
pling should be sermously considered. Sampling in this 
manner would provide an estimate of the variability: be 


tween periods as well as within periods 


Precision and the Binomial Model 


The characteristic of preemion is more tractable to 
mathematical expression than either accuracy or applica- 


lnhitv. By assuming the appropriateness of a particular 
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mathematica! model for the activity bemg studied one 
can use an expression for the varmnce of an estimator as a 
measure of the precision of the work sampling estimate. 
This assumption of the appropriateness of a particular 
model is imple in all of the formulas for the determination 
of the necessary number of observations that are found im 
the literature. The various authors umformly assume the 
simplest powuble model that the probability of finding 
the activity im question in a particular state ms the same 
throughout the period of study. Under this assumption the 
relative frequeney with which \ of the n observations are 
to be found in a particular state when the probabulity of 
finding any one observation mm that state ws “p's given by 
the cist von: 


fo nm) 


where OS ps | 
an mteger: Os San 
factornal the product of the faetors 


O's to be 


For this simple binomial model the sample proportion 
(X/n) is an unbiased estumator of the probability p the 
average of the sample proportions trom an large 
Humber of samples from the same population would be 
equal to the probability po means that the ext 
formula does not a it does not ensure that 
the sampling procedure is comlucted in a manner that 

The varmnee of the sample proportion, a mensure of tts 
preeision as an estimater, om given by the tollowimng 
CX 
pol 


Var (Nw) 


The probatulity pos, ob course, An approxi 
thom te the is obtamed by tor the 


known pits estimator, the sample proportion 


\ Model for Stratified Sampling 


lor work sampliog sittitions where it is reason 
able te postulate that the probabality of the ae 
tivitvo om given state remane constant throughout the 
the proportion of delay tine tor a taachine tool i constant 
throughout the day. The and ending perods of 
the shifts will, mall bkelhowd, contam a greater proportion 
of delay time than the body of the shitts. [no the study of a 
warehouse erew, periods assocmated with a shipment de 
parture or arrival mught well exhibit a different pattern of 
activity than the remamnder of the day. Some complreatron 
of the required to cope with this siteation. Ohne 
such mexiifieation is to consuler the ter 
divided into periods, or strata, in each of which the proba 
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f, om the traction of the total length of the study repre- 
sented doy the ath period or stratum 
p, is the probability of finding an observation im the ith 


stratum on the particular state under consideration 
mn, is the mumber of observations taken in the cath 
stratum 
the number of observations in the 7th stratum for 


Which the activity was in the particular state 
under consideration 
The overall proportion of time represented by the par- 
heular state of activity mn question is given by a weighted 
average ol the strata probabalities: 


p 
An unbiased estimator of this overall proportion is: 
P=) f. 
vt 
The vartinece of this estimator is given by: 


pal 


Var (2) 


the allocation of observations 4 periods is propor. 
to the length of the period these expressions simplify 
to the following: 


: where \ X, and an 


Var 2 pal p) 


This attains its maximum value when all of the 

po are ecpunl: 

where pois the common value of the p,. This is the same 
as the varmnee for the simple binomial model. The con- 
clusion is that proportionally allocated stratified sampling 
is always atdeast as precise as the simple random: sampling 
that is appropriate for the bivomual model. When all of the 
p, are equal, then the variance of the estimate based on the 
stratified ~amniple is the same as that based on the simple 
random sample. When the pare not all equal, the estimate 
based on the stratified sample has smaller variance (os 
suring the samme total number of observations.) This 
either that more preeme or that it capable of ob 
taming the same precision wath fewer observations. Tlow- 
ever. if the allocation of observations among the strata of 
the population is other than proportional to the length of 
the strata itis possible for the variance to be larger than 
that of a simple random: sample. 

An illustration will serve to demonstrate the inprove 
ment that can be obtained by the use of stratified sampling. 
Consider the problem of estimating the amount of idle 
time of the attendant of the tool crib ina machine shop 
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perhaps in preparation for a relayout of the erib, or the 
addition of a helper, or in the establishment of an incentive 
wage system for certain indirect labor jobs. If the overall 
proportion of idle time is 40°, but for a period that con- 
sists of the first hour in the morning and the last hour in the 
© idle time 


o 


afternoon of an exght hour day, there is only 5 
as the machine operators check out and turn in the day’s 
tools and gages, the estimate of the proportion based on a 
sampling plan that separated those two hours and allotted 
to them one-fourth of the total number of observations 
would have % the variance of the estimate based on a 
sunple random sample with the same number of observa- 
tions. Alternatively, the same precision could be obtamed 
with 17% fewer observations( An additional improvement 
could be obtained if one could_estimate in advance about 
What the values of p, and p. would be and distribute the 
observations between the two periods ino an optimal 
fashion that minimizes the variance. In the example cited 
this would allocate 12.7 of the observations to the shorter 
period of 25° and the resulting variance of the estimator 
would be 77% of the variance of the estimator based on a 
sunple random sample with the same number of observa- 
tions. The improvement over the proportionally-allocated 
stratified sample is not great and since one cannot estimate 
the exact values of py and p. in advance as was done here 
it is doubtful whether this so-called optimum allocation is 
worthwhile. Another drawback to its use is that if the 
preliminary estimates of p, and p, are too far off, it os 
possible to specify an allocation of observations that wall 
cause the estimate to be less precise than that based on a 
random sample. 

The advantage obtamed through stratification im 
sampling for proportions is at best modest when compared 
to What can be gained by stratification in other types of 
sampling. Llowever, it is often the case that the population 
is broken down into shorter periods for administrative 
reasons and stratified sampling is performed although the 
simple binomial model is presumed to be appleable. Par- 
ticularly when this is true, it is pomtiess to ignore the ad 
vantage provided by stratification. The greatest: benefit 
from stratification can be obtamed if the strata are con- 
structed to have as different values of the proportion im 
(Question its possible. These strata can be further sub 
divided as an administrative convenence if desired, and 
this will contmbute further to merenasing the precision of 
the of there are, in tact, differences im proportion 


between these 


A Model for Non-independence 


When there are m machines, or m members of the team, 
itis common practice to tuke observations mat a time seo 
that the required total of # observations can be accumu 
lated in trips. This is a reasonable procedure, and in 
the case of some team studies, an essential one. Unfortu. 
nately, na great many Cases, it vitiates the assumption of 
independent observations required tor either the simple 
binomial or the stratified model. For observations to be 
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tracheeppeticlernit requires that knowledge of one observation 
give vou no additional information about what to expect on 
any «fl the other observations. Oby 
Where observations are collected im this require. 
ment will not be satisfied. The discovery that the first of a 
number of machines is shut down will inerease your ex- 
peetation that the next machine will also be shut down 
sinee there are many causes of delay that affeet more than 
one tachme. the same Way, the discovery that one man 
ol is working be ps engaged 
Versation inereases your expectation that at least one other 
nian Will be similarly oecupred. The appleation of the 
binomial toa situation that exhibits this kind of non 
independence will produce What ean be a very considerable 
understatement of the varnnee of the estimate" 

Vo miodel appropriate te this situation would consider the 
unit of the to be the state of ac 
tivity of a block of m machines, or m men, at a particular 
mostant rather than of a machine or man. The 
measurement associated with the jth observation m X, 
the number of the am machines or men im the particular 
strate given takes on one of the values 
An Unbiased estimate of pis given hy the 


nverauge ol the observed values of Nom: 


The estimator reduces to the overall sample proportion, 
ol the varmnce of the estimator ms given : 


mm \ ) 


The No and N are not Known om advanee. of course. so 


best Vier (27) 


that a preliminary estimate and subsequent reealeulation 
are necessary, but then, the same om true for the use of the 


Systematic Sampling 


of the models discussed thus far have been predated 
the that the toes at whieh observiat pon 
are taken are selee at is 
not satisfied by orregularly spaced observations some 


formal effort at randomuzation tm necessarv. The 


taken at regular mtervals of time. The chet advantage of 
this method is that the time between successive observa 
tions is always the same. [It m often easier to use the ob- 
server's available time profitably when the intervals are of 
equal length, rather than when they have lengths which 
vary at random. The most obvious use of this time is to 
sHnultaneously carry on other work sampling studies, each 
with the same period between observations. [t is 
the work of tnany separate stiches when the 
time of observation for each is selected at random 

If there is no evel behavior present in the phenomenon 
under study, svstematic sampling ws acceptable, and cer 
tainly from an operating pomt of View, 
Hlowever, in a large majority of applications of work 
sampling there would “appear tor be strong a priort Trenson 
to expect This i im part due to physical 
characteristics of the activity, but even mm the absence of 
this, it would exist due to the facet that the sampling is done 
over time and the times of day recur with evele regularity 
as do the days of the week. Thus if the phenomenon im at 
all dependent upon time, it will have some tendeney 
toward eyelie behavior, Tt should be obvious that if the 
regularly timed observations of a systematic sampling plan 
should be “in phase’ with some permode delay, work 
sampling will produce an absurd estimate of the proportion 
of time represented by delays. Moreover the worker m= 
often quite capable of contmbuting materially to a syn- 
chronization of bis work with the sampling plan and os 
aware of the fact that it may be in hos best mterest to do se, 
This makes the use of systematic sampling at best a hazard 
ous procedure for work sampling since it renders the process 
particularly susceptible te bias. The determination of 
precision is alse affected since the models previously dis- 
cussed do not, in general, apply when systematic sampling 
is used. Although the determination of the varnanece of an 
estimator based on a systematic sample has recenved some 
attention mm the literature the problem a very 


diffieult ome and no general result has been given 
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A Basic Approach to Cargo Handling 
Analysis 


By Robert N. Herbert 


Varine kngeneer, Philip F. Spaulding & Associates 
Seattle, Washington 


The purpose of this paper is to describe a method of cost 
analysis which has heretofore not been systematically 
apphed to the marine field. The method discussed, the tine 
study operates ina zone midway between machines and 
men, between saence and art. It beleved to be of im- 
terest to the members of ALT because the application of 
tune and motion prnciples to marine cargo handling 
analysis can lead to a better understanding of the nature 
of cargo handling costs and how they can be reduced, 

Beyinning i the with Frederick Taylor's “A 
Differental Piece Rate” and contimumg with the advances 
made by Barnes, Carroll, the Gilbreths and many others, 
the “smence’” of and motion study has been con- 
tinuously developed and broadened until it is now a ree- 
“tool” of management in tiost mdustries mvoly- 
ing repetitive tasks. At the same time its Socml foundations 
have matured to the present level where both manage 
ments and labor unions have come to appreciate its valid 
uses as Well as its linutations, Time study has at last been 
recognized tor what it is: just one more device for analyzing 
costs, Which like all other devices may Or tay not assist 
in production depending on whether 
or notitos used properly and tairly. 

these limitations as to the effectiveness 
of time study, it is considered that our shipping mdustry 
might benefit from its appleation to marine cargo handling 
operations. While these operations are tar trom bemg as 
rygidly controlled and unitorm as those of a typical pro 
duction line establishment, they do consist of repetitive or 
eyeleal tasks which can be studied and which tollow 
yenerally similar patterns along the watertront. The ships, 
lork trucks, dock tractors, palletized and contamertzed 
units the busi tools of marne cargo handling are 
sold and used on a nationwide basis. There 
are many sttlaritves between the cargo handling methods 
af steamship company “A mm Seattle and those of com 
Boston. This is not te thiat specific 
time-study data is necessarily applicable to all operations, 
but rather that we are dealing with a problem nationwide 
in scope, generally similar in its components and with a 
suggested method of analysis which is therefore generally 


applieable. 
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The approach outlined im this. paper is of particular 
interest at present because of the many efforts which have 
been made since World War I] to cut cargo handling costs. 
These efforts have generally revolved around new me- 
chanical devices: new ship designs, new terminal designs, 
new winches, rigging arrangements and hatch covers, new 
packaging arrangements and wunproved fork trucks, 
tractors, cranes and the like. At the same time it has been 
recognized that the ultimate success of these new devices 
depends equally upon how well they are used together 
as well as how they perform imdividually. Termunals, 
ships, contamers all equipment used moving or 
stornig cargo forms an mterlocking cham. An tnprove- 
ment of one link mm the cham miay tet necessarily 
the whole. On the other hand, substantial economies mia 
sometimes be effected simply by changing the way im 
Which handling are used together, without om 
volving any expenditures for new equipment 

Present cargo handling costs can and must be reduced 
Management needs a measuring stick, a form of analysis 
to find out whether existing methods ean be overhauled 
orf new methods will pay for themeaelves. The purpose 
of this paper os to suggest a basic approach to marine 
eargo handling analysis and to pomt out ways im whieh it 


enn be used. 


Cargo Handling Cycles 
A typreal general cargo loading operation meludes the 
following eveles directly affecting steamship line operating 


Leeal delivery evele (‘argo delivered to traneait «hed try 
truck, railroad or trane= shipment 
Vessel 

by) eve le (arge re kewl on prallet. ont 

slings 

Apron delivery evele (‘argo drafts moved to loading 

apron Vin deck tractors or fork 
trucks 

d) Ship's gear cyele (‘argo draft« homted inte hold 

Hold evele 


(‘argo «towed ii ship's bry 
hand or using «tacking equipment 


ach of the above eyeles is a completely repetitive 
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the 
term cvele. Although the above list is typical there are of 


operation, constantly returning upon itself hence 
course Tnany Variations in the number and kind of evcles 
used in loading and discharging cargo. The essential point 
is that all cargo is handled by means of evelical steps 
Which can be separately analyzed 


With the «ol the 


delivers evele typical cargo louding operation com 


exception evele (a) above lon! 
prises all the above eveles working at the same time, the 
dratts of cargo moving from: one evele to the next more or 
less continuously. Sinee stockpiling between eveles is 
rarely used, the speed of each succeeding evele is directly 
dependent Lippert those of the other eveles, 

bach of the eveles has a characteristic working speed of 
its own, and when all eveles are working together, each 
the preceding ane following eveles lor 
delivery and pickup of the cargo drafts, the speed of the 
slowest evele governs the overall speed of the entire opera- 
fiom. usetul that of the eham, whieh os 
only as strong as its wenkest link 

lh aetual stevedoring practice, the situation is constantly 
changing its eveles are slowed low speeded tip. 
framework of varmbles which 


bor 


evele works within 
govern its characterstr speed any given tient 
Instance: the speed of the apron delivery evele depends 
on the roundtrip distance between the storage pile in the 
transit shed and the apron loading pout. This evele is alse 
aullected 


by the aisle widths, condition of prer decks, 


all these variables, therefore, is to create actual cargo 
handling operations which are continually shifting as one 
cycle—-then another momentarily linuts their speeds. 

This dynamically changing nature makes the analyse 
of handling costs, either through statistical cost keeping 
systems or by casual observation of the actual operations, 
extremely difficult. The statistical approach tells us what 
in the past, but comeents too Variables 
to justify its validity in predicting what could or should be 
expected of future operations. Practical experience and 
intimate contact with lay operations can 
develop im management a sound grasp of the relative 
speeds of different cargo handling eyeles, but fails to 
develop rational data expressing quantitatively the efleets 
of different varmbles on \s 
Inanagement’s task in evaluating the worth of new equip- 
ment or methods im hampered by the lack of accurate m- 

A more effective way of analyzing cargo handling 
time 


stucly ing evecles it pre to determine ther net 


through the use of time and motion studies 


working speeds as though they were working alone, and so 
the the 
under the prevailing conditrons, and by how os 


to aseertam whieh of Various eveles bs ~lowest 


the other eveles 


Another use of time-study imformation im that it 


ables management to set up standard eyele speeds which 


stabulity of the loads, ete. bach of the other eveles is like Which can also be used in predieting the anticipated 
wise governed by its own particular set of variables, which productivity of proposed new combinations of eargo 
nett different times on different degrees. The net effeet of handling eveles 
| 
VERY 
~ 
' 
| 
\ ef \e 
| 
= 
| 
— 
CYCLES 
OF CYCLE NO EFRC ENCY OY “PROVING THO OF 
1. Cyeles 
13 
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Th 


time-study 
publications available dealing with the general subject. 
Some of the highlights and some problems peculiar to 


Making the time study 


is paper will not attempt to cover all the details of 
procedures, since there are a number of 


marine cargo handling analysis are outlined below. 


The procedure generally consists of timing a particular 


(by) 


(al) 


cycle for ten or more successive round trips (ten readings 
will usually suffice). 


Fired Conditions: Vhe tine-study must be taken 
while the eyele under observation is working under 
fairly fixed conditions. During the timing the type of 
cargo, its location in the transit shed or ship's hold, 
the height to which it is tiered, and other variable 
factors all must be kept constant insofar as they 
affect the cycle speed. This is sometimes difficult in 
actual marine practices, but can be done if the cargo 
lots are large enough to warrant analysis. 

Cycle Before the 
timing, the eyele should be closely analyzed and its 


Klements: COMMeHCINE actual 
separately defined steps or elements listed on the 
time study sheet in ther order of occurrence. For 
stance: an apron delivery eyele using a fork truck 
may comprise the following elements: 
(a) enter storage bay, travel 10 feet to storage 
pile, pick up loaded pallet, back out to aisle 
(bh) ‘Travel 200 feet to apron, deposit loaded pallet 
Pick up empty pallet, travel 150) feet) to 
pallet storage, stack pallet 
(d) Return 75 feet to storage bay entrance. 
‘Thos 


elements 


“breakdown” of eyveles into their component 
is helpful in subsequent analysis and 
the that like 
elements can be directly compared even though 
different 


Also the elemental breakdown provides a 


colifiention of data obtamed, im 


Obtamed from entirely overall cycles, 
direct 
means of establishing the time consumed by waiting 
periods or other non productive elements 
Stopwatch Procedure: When the elements making up 
the eyele have been listed the actual timing can be 
commenced 
Warting Periods: In tioning cargo handling eyeles it 
will often be observed that a portion of each eyecle is 
taken up with waiting fora preceding or succeeding 
eyele, This is particularly true marme work 
because of the multiplicity of varimbles, mentioned 
above, which enuse wide fluctuations and conse- 
quent of the cycle speeds. 

hor instance, mn the apron delivery cycle above, 
ittmay be observed that during the period under 
the fork truck 


required to wait in the transit shed while the dock 


observation operator is regularly 
yang finishes stacking the cartons from the dock 
floor onto the pallet. The apron delivery cyele is in 
effect being held down to the speed of the slower 
dock gang. If this waiting period occurs often enough 


(@) 
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to be of any consequence it should be shown on the 
time-study sheet as a regular element along with 
the productive elements already listed, and so 
timed. 

It may also be observed that each evele is further 
taken up with occasional minor stoppages or waits, 
as the men stop to receive instructions, adjust their 
equipment, ete. Such miscellaneous non-productive 
periods are accounted for by setting up a “‘muiscel- 
laneous waits’ category on the time-study data 
sheet and recording the accumulated time at the 
start and completion of each such period as it 
OCCUPS, 

It should be parenthetically noted at this point 
that the act of making a time-study does not of 
the 


personnel being observed or the methods being used. 


itself constitute a passing of judgment on 


Time study as such is merely fact-finding. By the 
the 
productive periods” does not imply a eritical attitude 


same token, the use above of words “‘non- 
towards such periods. The term is rather used in 


its direct application as simply denoting time 
expended without resulting ina physical movement 
of the cargo through the cycle. It is of course recog- 
nized that many “non-productive’ periods are in 
fact necessary to do the job or are beyond the con- 
trol of the eyvele personnel. 

Rating: The purpose of the tine-study is to arrive at 
the average evele working time required by typical 
well-trained workmen moving at an average level of 
effort or “pace”. [t is necessary therefore, that the 
time-study analyst rate the actual workmen under 
observation, to establish their relationship with the 
above norm. This rating procedure ts essentially an 
act of judgment on the part of the observer. It os 
the only part of the time study involving judgment 


rather than factual data. As appled by an ex 


perienced time study analyst this can be quite 
equitable. 
higure 2 is a sample Time Study Data Sheet, 


completely worked out to illustrate the tine study 
procedure. 

Balance allowances will be found to vary consider 
ably fromeyvele toeyvele. Inany particular multieyvele 
operation the greatest balance allowance will of course 
be found at the fastest evele and the smatiest at the 
slowest or linuting evele. Balanee allowances im 
marmne cargo handling eveles have been observed 
quite reach zero even with a eyele. Indeed, 


as high as and as low as they never 
there is no reason why the balance allowance should 
reach zero, since some time must always be given 


Also, 


even limiting cycles are sometimes held up by faster 


over to relief, instruction and repair periods 
eveles because of non-simultaneny of arrivals at 
their contact points. Inhighly regulanzed production 


line establishments such as automobile assembly lines 
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Timt STUOY OATA SHEET 


ere 


Wes = AM, Clee) 


- 


Ship 
Cycle Oteerved Gang discharging from Neo. 2 Upper Tween Deck (in Sted. Fad. Wings) 


ScD 


Commedity Created goods ~ each abt 73" « 28° « 30" Average Weight per Crate 192 


ieee 10 | tor | Ged 
(49) (30) PH (4S) | (127) (97) 
Piece Tie line around draft 448 750.1420 16.99 24:17 29,97 404) 4.19 
Welt fer chip's quer 110) 102) 2127 2402 41804612, -- | 
Place slings under loaded pol ler, 100 08.02. OD GAGH. 
Standiny and receive empty 4.2) 6.57 12,18, 25:42 36,00 4209, 47.26 30.49 
> , 2) (104 + wel wa 
Stenderd Working Cycle Time Swe Remarks rip + goer empty to one govp of 
_4 men, then moves over end picks up \coded gol let from grove 
Belence Allowance 1687/13 * 1228 _@f 4 man at eppasite vide of hatch 


Neo of Man/ Geng 


(Tete! of 8 men working in the Mold under each set of booms, 
divided inte two of 4. Lach grove seperetely) 


ime 


bis 2. Time Study Data Sheet 
the total allowanees mav be redueed to as low as In typical ‘in. it steamship operator Wis shipping 
7 8c. The balance allowance of the slowest) or large annual tonnages of bagged rice. The ree, im Tb 
limiting evele in Ween sites the operator's type ~hipe 


ds 


will in the conventional manner, by hand loadmg the ree from 


. 


The use of the balance 


the dock floor onto board shige on dock trathers, 1S bage 


to the board. \ tractor then hauled the trailers two at a 
time to the W thie: beards were 


hoimted mto the ship's hold, the bags hand-stowed and the 


allowance mm svothesizing predicted overall cargo 
handling speeds is covered in the next seetion 

Remarks: Vhe time study should be earned out on 
complete frankness and with the full Knowledge of 


conditions permit the observer should explain just 


empty boards returned to prerside 


the longshorener they are toned From time studies of all eveles involved it was deter 


mined that the standard working evele times Coonverted 
What data is desired and how it ms te be obtamed, m inte toms gang-hr) were as follows 


as full detail as the longshoremen are mterested and 


them time allows. Frequently much valuable om 
formation can be through these disetus yele Gen 
otherwise overlooked slings om oar 
turte with empty trasiers 
ses of Time Studs Information tuned dias tate 
\\ have take ty leo all eveles iti and hend begged fice 


volved in particular cargo handling operations, a com 
parison of standard working evele times readily deter 
mines the limiting evele and by how much it m delaying 
the other eveles. A thus be 


formed as to the correct area for equipment or method 


rensonably exact men can 
changes and by how much the overall operation will proht. 
\ bref example will illustrate this use of time-study 
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From this it ean be seen that the lonting evele um that of 
the dock tractor, which traveling an 
average round trop distance of 700 feet 
congested amles. The speed of the entire operation wes 


wae found to be 


bemg held down by this one evele 
At first glance it appeared that an maprovement could be 


15 


— 


made by doubling-up on the number of dock tractors or by 


ormginally locating the mee piles on the dock closer to the 
shup’s lowling berth. The first proposal however, involved 
additional equipment and would lead to greater traffic 
congestion, While the second proposal was not possible 
becnusé the meomimg nee bags were bemg hand-stacked 
directly on the dock floor to shoulder height only, thus 
ung up a great deal of floor space and spreading out the 
piles, Besides, any mmprovement in the dock tractor cycle 
could only speed up the total operation to the level of the 
ship's gear eyele, which was second slowest. The far higher 
productivity of the dock gang evele would still be largely 
Wasted 

The tinal solution was to separate the dock gang cycle 
from the others by prepalletizing the ree bags im advance 
Working with a fork truck the 
dock gang could then proceed unhindered at) its own 
speed level. The fork track could trer the palletized loads 


af the ship's loading day 


5 pallets high, cutting down on the total area requirement 
and making possible ther closer location to the loading 
berth On louwding day fork trucks could then deliver the 
palletized lowds to the apron without holding up the other 
cycles 

lt was shown that these changes would save the operator 
approximately 20°) an cargo handling costs for the rice 
operation 

Another use of time study information is in estimating 
the average productivity of a new idea or design for which 
no data is available. Frequently in such cases a synthest 
can be made of the proposed eyeles by combining like 
Clements from existing eveles. Ino this application os 
yoportant that the effeets of at least the principle variables 
on elemental times be known. Such considerations nat- 
by assembling «a mass of data 


urally lead to attempts, 


controlled eonmditions, to arrive at standardized 


under 
time «lita. The data is represented as varying according 
to the wemht, size or number of packages, the type of 
equipment muse, the round trop distances or other physical 
mifluenees as they are deemed significant. Variations in 
human skill and effort levels are attempted to be leveled 
through the rating procedure outhned above 

still an unresalved question whether such syitheses 
can becmade to predict the actual performance of an 
midividual longshoreman at a speciic time, or for that 
matter, the performance of small groups of longshoremen 
ata given time. But as a means of predicting average 
performance of larger groups of longshoremen over longer 
‘ume periods the synthetic approach ws believed valid 

In order to test the usefulness of standard data relating 
to cargo handling operations the author has sinee TO4S 
gathered such data as time permitted, by means of con- 
ducting time studies along the waterfront. The studies, 
when analyzed, revealed that some elements do appear 
to vary rationally according to physical influences. The 
somewhat incomplete results to date of these studies are 
presented by Figures 3, 4 and 5. 
A worked-out example will best lustrate how standard 
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blement 


Motion Elements 
1. Hot loaded balloon sling from Apron, over 
deck load, 
Hold) Union falt rig 
2. Hest empty sling out of Lower Hold. 
over deck load, drop onto Apron (CS-@3 
Hold 
Auriliary Blements 
1. Standby while Hold Gang places sling bars 


drop inte lower hos 


Union fall rig 


under outgomg pallet 

2. Standby while Hold Gang dixengages sling bars 
from incoming pallet 

4. Standby while Hold Gang unhooks two corners 
of loaded balloon sling; slowly homt «ling 
tumble bags out of sling 

1. Standby while Slingers disengage empty bal 
loon sling, hook onto loaded «ling 

5. Standby while Slingers disengage drum slings 
from (3) 42 gal. drums bemg discharged 
from ship 

Standby while Apron Slingers land (4) 
bales on pallet, disengage rope <lings used to 
homt bales out of hold 

7. Standby while Apron Slingers disengage sling 
bars from empty pallet, place under loaded 


Standard 
nit I 


see 
14 
" Serr 


hig 3. Ship's Gear Cyele Standard 


blement 


\. Primar 7 klements 


1) Manhandle erate onto pallet by vo Oo 


12 ft 

2) Manhandle 275@ bale onte pallet (by 19: 
rolling ft 

4) Stack carton on proallet 
walk drop in place, return 

Stack 100@ bag in hold (pickup, walk 
drop in place, return 

(5) Stack bagin hold (pickup, bit 
drop iti place) 

Stack SO@ bag im hold 
shoulder, walk 25° drop in place 


pickup, 2 


slide onto 


return) 
Auriliary Elements 
(}) Place and secure tre-line around load 340 
(2) Grasp sling bars, place under pallet, 21 
stand clear while homting away 
4) Stand clear while empty pallet is set 12 
down by ship's gear, disengage sling 
lars 
(4) Stand clear while loaded balloon «ling 74 
is set down by ship's gear, disengage 
two corners and assist while ship's 
gear pulls the balloon out from under 


loud and clear 


bia } 


. 


Hold Gang Standard llements 


Stamdard { nit [limes 


“crate 
i man gang 


see. 


gang 


“eer. carton 
tian Matin 
borage 


‘4 man gang 


ser. bug 
i man gang 
brag 
man 


sec draft 
gang 
see «raft 
gang 
draft 


‘4 man 


see 
gang 
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data can be used to synthesize the productivity of pro- 
jected cargo handling operations. In this example on auto 
and passenger ferry was bemg designed with provision for 
toms of yeneral iti the lower The designers 
contemplated need dischargig this threwugh it 
small hateh om the auto deck by means of two electric 
hemts istalled in the auto deck overhead. The urge, 
Which was to be strap-palletized, would be hauled by doek 
tractor-trailer trom the transit) shed through the stern 
lauding port onto the auto deek and alongside the hateh. 
The lenacds would then lowered trite the by the 
electric hots, which were to be rygged together similar to 
union tall gear. Tn the hold, the palletized loads would be 
unit-stowed by a small electre fork truck. It was desired 
to estimate the total tune required for this operation to 
mosure that the ferry schedule could be mamtamed. The 
With this particular method, a svothesis was made by 
combining elemental tune data such as that shown om 


Figures tamed 5 


bigure 6 shows the synthesis of standard evele times for 
both loading and discharging. It is noted that the slowest 
evele is the dock tractor, at 240 seconds per round trip. 


Handling Palletized (‘arge one Lule he rry 


Commodity Data: Cargo to consist mamly of canned and bottled 
on cardboard cartons, strap palletized on 4° 4° pallets 
\verage draft te be (46) eartons each of «hort tom per 


lraft 


isn reverse) 
Dock Fork Track Cycle 
Pickup palletized draft from storage pale 
high, back out, turn 
set on doek trates 
Haste time @ rene trip tlistanee of 
\dd for narrow storage bay- IS See 25 Sew 


Total estimated working evele 


See 70 See 
F Tractor C yale 
Hiteh up te 2 loaded traters, drive down 
BA forward to loading hateh 
Ga | Haste time round trip of 
canes 4 
i Total extunmated working evele 
| 
Homt loaded pallet off traler, drift aver 
rr | | | Stamdly while held «linger 
OPEN HO CONGESTION 
10 andes ve! Game | 
3 Div Hold Stewage Cycle 
tom a Hasie time @ around trip distance of 
om 
> Total estimated working evele 
bia. 5. Fork Truck Cvele -Standard Data bia. 6. Standard Cyele Times 
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The tractor hauls 2 drafts at a time, however, so the time 
per draft is 120 seconds. The cycle can further be speeded 
up by using two dock tractors without measurably in- 
creasing the congestion, thus reducing the delivery rate 
per draft to 60 seconds. The luniting cycle now becomes 
the Hold Stowage, which is 95 seconds loading and 70 
seconds discharging. There bemg no way of speeding this 
up without causing serious congestion in the Hold, the 
standard speed of the entire operation is considered to be 
equal to that of the Hold Stowage cycle. 

The above fyures all represent net working times only, 
to these must be added a balance allowance and an allow- 
anee for opening and closing the hatch in order to obtam 
the gross working time. In view of the working eaviron 
ment and total number of eyeles mvolved, it ts Onsidered 
that «a balance allowance of 40° for the Hold Stowage 
Cycle would be realistic, The standard gross cycle time 


therefore to: 


143 <ecomds 27.1 eveles/sher 


6.7 eveles hr. 


14 
14 570 Ws secomds 


Vta weght of 0.99 tons draft) this amounts to a pro- 
ductivity of 26.8 tons hour lowlog and $6.4 tons/hr 
discharging. The required time to load 125 tons would be 
17 hours, while discharging would require 3.4 hours. In- 


cluding an allowance for opening and closing the hatch 
and other non-cylical operations the overall loading time ts 
estimated at 5.2 hours and the discharging time at 4.0 
hours. 


Conclusions 


Time study as a means of analyzing labor costs has 
gained wide acceptance in most industries and has demon- 
strated its usefulness to management im improving 
efficiency. It has not as yet been applied in any systematic 
manner to marine cargo handling operations. With due 
recognition of the special problems inherent in the marine 
field, it is believed that properly organized and carried. 
out-programs of time-study could yield profitable informa 
tion in this area. 

Indeed it is the very number of variables involved im 
marine cargo handling that makes the potentialities of 
time-study so great. These many, changing variables 
make the results of any other form of analysis difficult to 
interpret accurately or apply to future operations. Time 
study, by its nature, makes possible the obtaimment of 
cost data together with detailed information as to the 
physical and human influences governing that data. Such 
data can be used with full knowledge of its applicability 


and limitations. 
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Keonomiec Manufacturing Lot Size 


By Subodh Bhattacharjee 


The Johns Hophina  niveraity 


Manulacturing processes can be broadly divided inte 
two distinet elassifteations: contimuous or intermittent. 
Where processes are continuous individual parts move 
from one coperation te another in No storage ol 
parts is necessary between each puart 
is transferred to the next operation as soon as it is finished 
at the present one. Conversely, in the case of intermittent 
processes, parts are manutactured in batches or lots. One 
operation on all parts in one bateh may have to be finished 
before: the ment cperation ts sturted llowever, tows often 
possible for two oor more operations on the same bateh 
to overlap. We are concerned with only intermittent 
production in this paper 

The size of the lot produced im one batch has consider 
thle influence on the operation of mtermittent 
arbitraniv. A convenent number such as JOO or bs 
selected without cue regard to the economies of manu 
lncture 

Many toantlecturing costs are not affected by lot size 
buat these costs that are affeeted by the size of the lot 
ean be further classed ite two eategories: fixed costs 
and cost. costs are defined Which 
are comstant tora lot and independent of the number of 
pieces the lot the other hand, the variable costs 
are those whieh vary proportionately with the size of 
thier loot 

The tote: cost per lot, generally termed “set up 
cost the stim of the make-ready cost of the machines 
and the clerten! cost assoemted with the lot. The 
reequired taking the mache ready for produc 
ds alten considerable comparthson to the actual 
produetion time cand independent of the number of 
preees in the lot Also, clereal costs required for issumg 
and expediting a production order are independent of the 
size oot the lot) bor anv given amount of fixed costs, the 
the lot the larger the fixed expenses allocated 
toeach preee in the lot. In order to keep fixed expenses 
per piece a> stall as possible, it im desirable to have the 
“ze of the lot be iis large iis pomsttle 

the cot the costs of storage, rent, insurances, 
interest on mvestoent, ete., tend to be constant per unit 
of product and tay be classified as variable “holding” 
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costs. Tf current production exeeeds current demands, 
inventories merease and these holding costs are merensed 
The lot size therefore should be as small as posable for 
the holding cost to be correspondingly stall. 

There i a lot size for which the total of set-up and hold 
ing costs are and this is known as the 
Lot Size” 

The conventional formula (Camp's formula) (1) tor 
lot size is sutable promanty for determining lot 
size tor purchased items. This formula m derived by 
minimizing the total of the holding costs of purchased 
parts and the fixed clerical and other costs associated with 
the processing of a purchase order. Tt cannot be used to 
determine eeonomie lot size for manufactured products, 
especially in those cases where work-in- process mventory 
large 

In cose of products mantiinetured the shop, it 
necessary to consider the cost of work-imn 
during the course of manulacture. As soon as the prewhie 
thon of a bateh of prembuet started, eupital, representing 
the cost of material, im treed up. Also the value of materials 
In process is inerensed more and more as labor cost m added 
tot by the performance of successive operations, Con 
siderable time often necessary trom the begining of the 
process to the delivery of the finshed puart= te thier 
room. The semi-finished state of the product curing thos 
is called work-im-process, “The time trom the be 
thie the clelivery to the stoek roan: ps 
as tone” 

During the entire period of lewd tie, capital represent 
ig ther ay ‘Tage value of work-in 
any return. Also expenses for storage, meurnaner, ete 
are qeurred for holding the product durmg work 
process The holding cost of workon-process may 
certain cases be comparable to and even greatly exeeed 
the holding cost of finshed goods [t ms, therefore, neces 
sary te consider the holding of work leg 
with the set-up cost and holding cost of finished goods. to 
determine the economic lot size 

The conventional formula used for determiuning 
purchase quantities does not take mite consideration the 
holding cost of the workin-process mventory. As such, 
it eannet be correctly emploved for determining 


lot size for products in cases where work-in-process in- 
ventory ix consderable. The purpose of this paper is to 
derive a formula for economic lot size which will be ap- 
plicable when the consideration of work-in-process is 
necessary. The use and limitations of the formula wall 
be discussed and the results obtamed will be compared 
with those obtamed from the sunpler formula. Also a 
eriterion will be suggested for deciding when the revised 


formula should be used. 


Derivation of Camp's Formula 


The lot size formula derived by Camp takes into ae- 
count the fixed cost per lot, such as set-up and other 
costs, and the holding cost of finished goods in- 
ventory. The total annual cost is considered and its deriva- 
live with respect to the lot size (YQ) is equated to zero to 
obtain the lot size corresponding to the mininum total cost. 

bat 7 annual rate for the cost of storage and interest 

on investment im inventory, expressed as a 


deciunal 


total cost per prece im dollars excluding set-up 
= lot size number of pieces, 
total annual demand in number of preces. 
S = cost of one set-up Goeluding clerical and other 
hixed costs) in dollars 
Then, Average quantity in finished stock ~ 


«a rate ob usage) 
Avernye annual storage nnd other costs (holding Comt) 


Number of set-ups required in one 
) 
set up cost 
() 
Total annual cost set-up cost + holding cost 
) 
» 4 
L 
or cost: 
(total cost) + 4 
dQ) 
or, | (Clamps formula) (1) 
example: 
Let total cost per piece excluding set-up cost, ¢ S120) 
Set up cost per lot. S 
Annual rate of storage and other costs, 1 1a’, 


O10 
Annual demand, ) 12.000 pes. 
Then. The economic lot size, 


2S 
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2 12,000 X $50 
SI2 O.10 


1000 pes. per lot 


Total annual cost = Set-up cost + annual holding tor 
finished goods. 
12.000 1000) 


x + 


4 
TLL 


x O10 
SOOO + 
$1200 


Comparison of Total Costs for Various Lot Sizes 


Keonomic lot size is defined as that lot size for which 
total cost is minumum. In the example above the total 
cost, Which varies with lot size, was $1200 when the eco- 
nomic lot size was LOOO pieces per lot. Any other lot size 
will result im total cost higher than S1200. However, we 
considered only the set-up cost and holding cost for finished 
goowls in arriving at the total cost of $1200. The holding 
cost of work-in-process during the period of lead time 
has not yet been considered. It has been stated before 
that, when the value of the work-in-process is high and 
the lead time ow considerable, the holding cost of the 
work-in-process may be considerable. We will compare 
below total costs, melhiding holding costs for work-in- 
process inventory, for varrous lot sizes. Tt will be of interest 
to note whether the lot size whieh corresponds 
total cost mm this case differs significantly from the economic 
lot size of LOOO pieces, obtamed from Camp's 
The holding costs for work-in-process for lot sizes 400, 
160, 500, GOO and pieces are calculated and corre 
sponding total costs are given in Table !. 


Holding uals of Workin Proc NS nlory 


Holding costs of work-in-process depend on the value 
of work-in-process mventory and length of lead time. In 
the siiplest ease the lead time for any tot size can be 
determined by knowimg the total time required to make 
one piece and the number of preces im the lot, 

That is, af: 


Lead tine 
‘Total time tor making one 
(2 = Quantity in the lot 

QXl 


Total time for making one prece is obtamed by adding 
the time required for all operations. However, as we shall 
see later, length of lend time depends on actual scheduling 
of manufacturing operations. Consequently, holding costs 
of work-in-process also depend on efheenecy of scheduling. 
The lengths of lead time for lot sizes illustrated assume 
proper scheduling and are give& below with other cost data. 

The value of work-in-process is obtained by multiplying 
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unit cost of work-in-process by the number of pieces in 
the lot. Cut cost of work-imn process Is equal to the ma- 
terial cost plus labor cost added to the product during 
manufacture. Let us consider the following data in connee- 
tion with the same example tor which economic lot size 


was calculated 
20 months 


Let lead tor lot sizes of pers 
HOO) pes 150) months 
AW) prs 125 months 


10) pes 1.075 months 
1.00) months 
material cost SOOO per piece 
‘Total Cost Cexeluding setup cost per piece 
‘Total cost nxcluding comt) 
unit material cost 
00) 
\verage cost per piece ob Workin process 
material cost + cost) 
6.00 4 
\nnual rate of holding Cost per year 


Annual deniuand 12.000) pieces, 


Holding Costs of average cost number of preces 


Work -in- Process im the let 


leaned annual rate of 


holding costs 
} 


lot size 


years 
number of lots ( 
peer Vera 
costs of Wwork-in Process lor Various let 


Ure’. 


i lanval Holding f cats 
| 
| 
is 
is 


Total Annual Costs 

The total annual costs, holding costs of work- 
in-process, holding cost of finshed goods, and annual set-up 
costs for lot sizes of and pieces 
are shown Table Tt wall be motreed that the munimnum 
total cost is obtamed fora lot size of approximately 460 
Determination of Kceonomic Lot Size when Work-in- 

Process is Considered 


We have observed before that when only set-up and 


March April, 1957 


TABLE 1 


annual annual hokling annual = Tota! 
Lot sise set up cost of fnwhed “ = annual 
comt wee = 
pers 
mn 
Sinn ; Su) + $135) $2710 
‘wa 
sian Sum > $1125 — 
2 


holding costs of finished are considered, economic 
lot size can be caleulated trom Camp's formula, 
We can now wrtroduce the holding costs of work-in 
process inventory in the total annual variable costs and 


recalculate the formula for econmomie lot size 


Let m = cost of maternal at the begimmmng of process in 

dollars 

c total material and labor cost of one part, ex 
eluding set-up costs, im dollars 

i annual rate for the cost of storage and mterest 
om omvestment im mventory, eX pressed it 
deeinal 

) annual demand number of preees 

lot oun number of preces 

f= total time required for all operations for 
Inaking one part, expressed im vears 

S = cost of one setup im dollars 


Lead Time 

Then, () lyre 
(‘ost of Work-in-Process for Lot Siz 
‘The average cost per piece of work-m Process 


materml cost + comt) 


wim + ¢ 


‘The total cost of work-in 
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Annual Holding Cost of Work-tn-Procexs 


The length of holding time = lead time = L 
Holding Cost per unit during the lead time 


time cost of unit in process 


* annual rate of interest and storage cost 


Total holding cost per lot 


lot size & holding cost per unit 
Annual Holding Cost of Work-in- Process 
holding cost per lot * number of lots per year 
m+e 


Total Annual Cost 
‘Total 
set 
+ annual holding cost for finshed goods 


+ annual holding cost for work-in-process 


( m+e 
bor the total to be fora given 
ditotal cost) 
di) 
) + ©) 
‘Therefore. 
(m + 


Which reduces 


Lat Size in Terms of Net-l p and Unit Holding Costs 
The above formula can be expressed as, 


/ 


4 
2) 2 
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W here, 
| 


oy Average holding time of one unit of finished 


stock in years 
c = Cost per piece 
annual holding rate 


mee 
> = Average cost per piece ol work-in-process 
(= Holding time per piece of work-in-process 
in years 
But, 


Holding time * Cost per unit * annual holding rate 
= unit holding cost 


Therefore, 
Set-up cost per lot 


unit holding cost 
for work -in-process 


Q unit holding cost 
for finished goods 


Relation of Kconomic Lot Size to Annual Demand 


Holding cost. of work-in-process may far exceed that of 
finished gouds, In such cases, the first term in the de- 
nominator of the formula (2), the holding cost of finished 
goods, may be negligible in comparison to the second term, 
the holding cost of work-in-process. Then the formula for 


economic lot size will reduce to: 


) 
¢) 
4 
set-up Cost per 
(m+ unit holding cost of 


ork process 


te 


The lot size in this case is midependent of annual demand, 
and is constant so long as the set-up costs, and the unit 
holding cost for work-in-process do not change 

When the unit holding cost of work-in-process is 
negligible in comparison to that of finished goods the 
formula (2) reduces to Camp's formula: @ V 2) S/er. 
The lot size then becomes proportional to the square root 
of the annual denied, 

When both holding costs of finished goods and work-i- 
process are eqpually the economic lot size bs 
yiven by formula (2) and i smaller than either of the two 
cases discussed above. 

The variation of lot size with annual demand for the 
three cases can be mdicated graphically as shown in Figure 
1 (2). The curve AB represents the lot size when work-in- 
process is ignored. The line CD represents the constant 
lot size when the holding cost of finished goods is not con- 
sidered. The curve EF represents the lot size when both 
holding costs of finished goods and work-in-process are 
considered. 

As annual demand increases, the lot size obtained by con- 
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ANNUAL UDUEMAND 


hig |. Variation of Lot Sizes for Three Ceneral Cases of 


Treatment 


sidering beth work-in-process and finished goods (iF) 
varies more and more widely from that obtamed by ygnor- 
ing work-in-process (AB). This suggests that the con- 
sideration of holding cost of work-in-process becomes 
for those items which have high 


Choice of Kceonomic Lot Size Formula 


The discussion regarding the nature of variation of lot 
size with annual demand suggests that, under some cond, 
tions, it ts only necessary to consider the holding cost of 
work-in-process in the calculation of economic lot size. 
Under other conditions, lot size obtained from the con- 
sideration of holding cost of finished goods alone is suffi- 
cently accurate for practical purposes. In still other cases, 
it is necessary to consider the holding costs of both work 
in-process tind finished goods 

The holding cost of work-in-process is all that is neces- 
sary to consider in calculating lot size for a “fast moy mg 
the other the holding cost ol finished 
only be taken into account tor calculating lot size 
for a ‘slow moving item. When an item cannot be clearly 
classified my either category, the holding cost of both work- 
in-process and finished goods has to be considered 

Two erterna are proposed tor clasufying an item as 
“fast moving’ or “slow moving’. The first requirement 
is the comparison of holding costs of work-in-process and 
finished goods. The second erterion is the comparikson of 
holding times for work-in-process inventory and finished 
gods inventory for a given quantity. An item should be 
classified as “fast moving’ or “slow moving” if and only 
if both eriteria are satisfied. In that case the appropriate 
sunple formula should be used for determining the eco- 
nomic lot size. If both requirements are not satisfied, the 
item should not be classified in either category and the 
jomt formula, derived in this paper, should be used to 
determine the economue lot size 

\ecording to the first) requirement, an item wall be 
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classified as “fast moving’ if the unit holding cost of 
work-in-process is significantly higher than that of finished 


tm } 
goods, that is, the numerical value of -f-) is greater 


An item will be classified as “slow moving” if the unit 
holding cost of work-in-process is neghwible MAP 
to that of fimeshed goods. This that the numeral 


than, that of = 


@) 
value of = f-r will be neglgible compared to that 
cl 
of 


According to the second ertermon, an item 
moving’ if the length of holding time for a given quantity 
in the work-in-process stage m longer than the holding 
time for the same quantity in finished goods imventory 
Conversely, an element is “slow moving” if the length of 
the holding time for a given quantity in work-in-process is 
negligible in comparison to the holding time for the same 
quantitve in finished goods. 

Kram ples 

The classification of items as to “fast moving’ and 
“slow moving’, and the effeet of considermg the holding 
cost of work-in-process on lot size is illustrated below 
The same example which was used to ealeulate the lot 
size by Camp's formula is considered. The data are re 


stated) as follows: 


| 


25 12 ves. for LOOO pes 
Vrs. pe 
) 
(‘lassification ol the Tlem 
Criterion Tolding Cost 
m + 
oor 
7 el 
(1) holding Cost of finshed good. 
S 


(A) is nearly 4 times (1); the item is “Fast Moving” 
Criterion TL Holding time baste: 
Holding time for woop. for L000 pe» 
(1)) Holding time finished goods tor L000 pe» 


| 


2 he 


is greater than (1)). «0, the item “Rast Moving” 
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Lal Size Calculations 


Camp's Formula -no w.i.p. considered: 


y 
per. 
Revised Formula and finished goods 
considered: 
) 
; 
4 2 
1) pes. 


OM 4+ 225 


(4) Holding Cost of finished goods neglected: 


{ 
pen 
2 2.) 


The lot size obtamed by Camp's formula is very large 
ith comparison to those obtamed by the other two formulae. 
The difference in economue lot size is small whether holding 
costs for finished goods mventory is considered or not. As 
calculated in Table 1, total annual cost is for a 
lot size of nearly 100 pes. bora “fast moving” item, there- 
lore, the economre lot size should be caleulated by the 
review formula, which takes ito account the holding 
cost of workom Process is well as of finished 
ventory. Llowever, sufligenthy accurate lot size can be 
obtamed by considermy the holding cost of work-in-process 


mventory alone 


hea am ple 


Let SOO pieces be the annual demand of the same item 
considered in example place of 12,000 pieces. ALL the 
data will be as in Example 1, exeept the value of VY, which 


will be changed to ) 
(lassitication of the [lem 


Criterron Tlolding Costs: 


m+te 
(A) Unit holding cost of weiep 
(18) Unit holding cost of finshed goods ») 
SO.60 


(A) is much smaller than (18); s0 the item is slow moving. 
Criterion 2 Holding Time: 
Holding time of pes.) = 
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(assuming proportionality of lead time) 


= 0(.075 month. (approx.) 


(DD) Holding time of finished goods (selling time of 
pes.) = month 
(C) is neghgible compared to (1D), so the item is a slow 
moving item. 


Lol Size Calculations 


Camp's Formula considered: 


oY 
x O10 


Revised Formula -wa.p. and finished goods 


175 pes. 


considered : 


/ 360 * 
\ 0.60 + 0.0675 


pes, 


The lot size obtained trom the revised formula is very 
near to that obtamed trom Camp's formula. In case of a 
“slow moving’ item, therefore, Camp's formula can be 
used, that is the holding cost for work-in-process can be 
neglected, for calculating lot size. 

3 

Lat the annual demand ()°>) of the same item mow be 

S000 pieces. All other data will be as in Example 1. 


Classification of the Item 


Criterion Cost. 
(A) Unit holding cost of 


SO.00019 
(1) Unit holding cost of finished goods 7 


(A) and (18) are of the same order of magnitude. So, classi- 
fication of the item is doubtful. 
Criterion 2. Holding Time. 
(C) Holding time of wip. (250 pes.) 


(assuming proportionality of lead time) 


) 
0.625 month Capprox.) 


2H) 


(10) Holding time of finished goods (250 pieces) = 1 
month 
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) j 
| 


(1D) is larger than (C). But the difference is not marked 
enough to definitely classify the item as “slow moving”, 
according to this criterion. The classification of this item 
is therefore doubtful. 


Lot Size Calculations 


Camp's Formula—w.i.p. neglected, 


Revised formula—w.i.p. and finished goods both 


/2*« 2000 
I? O10 


300 pes. 


considered : 


/ 
/ / 3000 


150,000 


1.162 


(4) Holding Cost of finished goods neglected: 
(2 € 
” 


The lot size obtamed by the revised formula (fF) is sig 
nificantly different (approx. 20°) from those obtamed by 


S00) pes. 


3000 


alt pes. 


other two formulae. It can be shown that total annual 
cost is lowest for the lot size of S00 Therefore, 
economic lot size for items of doubtlul classifications 
should be calculated by the revised formula 

lt ean be coneluded from above discussions that the 
consideration of holding cost of work-in-process im 
portant bor bast moving nod alse tor items of doubtful 
classification. Theretore, the revised lot size formula, which 
takes inte account the work-i-process as well as the 
finished goods, should be used to caleulate ceonomie lot 
sizes tor those items. When the holding cost of work-in- 
process is neghgible in comparikson to that of the finished 
the ofl ~low wens, ( ‘amps formula 
used, cot the holding cost of finished 
goods can be neglected when that m very small compared 
to that of work-in-process, as i the case of fast moving 


Influence of Scheduling on Lot Size 


When the holding cost of work-in-process is considered, 


thie lor Is expressed is: 


The terms m, and are known for any item. The 


term / has been defined as the total time required to per- 


form: all Operations on one ter 
It was assumed that the next Operation is started only 
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after the present one is completed on all parts im the lot, 
It is obvious that in a manufacturing plant of any size 
this practice will not be followed unless the nature of the 
process determines the timing of operations. For con- 
siderable time during the process two or more operat rots 
may be performed on the same batch simultaneously, 
thereby reducing the total time of work-in-process per part. 
The following simplified example illustrates the situation 
Let, Number of operations = 3 


Time required per prece per operation $2 hrs 
Total time per opn. for lot of L000) pes ss XX 
hrs. 
2 mont hes (fa hrs. peer 
1) 


The time required between successive opn. for handling 
etc. = month 
The scheduling of operations is given mm Figure 2. 


| COOPERATION @ | > MONTHS | 
i, 4 
OPERATION MOON | 


- 
~ 


2. Sehedule for a Lot of 1) Preces 


Lewd time, 25 months 
25 25 1) 
O40 hours. 
1000 
llowever, if the cles overlap, the total time 
required per piece for all three operat pote ob 
bere 


The question may naw be asked whether the time per 
piece obtamed from the overlapping schedule for a lot size 
of 1000) pes. will remain the same when a lot size of SOO 
pes. is processed. Let um draw another sinple schedule 
for a lot size of SOO pes., assuming that > month om still 
necessary between successive operations for banding, 


ete. The sehedule is given Figure 3: 


1 pees, hrs. 

O48 brs. 


The total time per piece now comes out to be O18 hire 
in place of O.40 hrs. as obtamed for LOOO pes» 

The unit holding time for work-in-process (, theretore, 
varies with both the effectiveness of scheduling and the 


size Of the lot processed. 


125 


|| 


| 
@2 ao | 
i; 4 
| 
ro LAW TIME. ~ 


big. 3.) Preduetoon Sehedule for a lat Size of Prece- 


When the holding cost of work-im-process is considered, 
itis necessary to know the holding time per piece (for the 
work-in process in order to enleulate the lot size 


the formula: 


2Y-S 


feannot be caleulated the correct lot quantity is not 
known. It oe sugyested that as a first Approxituation the 
lewd time should be determined tor an estimated lot size, 
(The actual lead time may be obtamed trom prev lots 
production records of comparable lots, or trom: the actual 
schedule when it i available.) The tine per piece cal 
culated from the lead tine of the estimated lot size shall be 
used tor the ealeulation of the eeonomie lot size. the 
leot “ize oul te mitch different bron the 
estimated tot size, at can be recaleulated using the time 
per piece, now based on the lot size obtamed trom the 
first caleulatoon. eather the first or the second 
tion will generally be close enough for practical purposes. 

ln practice it appears to be satisfactory to assume that 
the lewd trae i directly proportional to the lot size within 
a stoall range, that os, to assume that of the lead tine for 
pieces is 2) months, the lend tine for SOO pieces is 2 
months. In that case the holding tine per piece will be 
independent of the lot size within that range. The nearer 
we enn estimate the economic lot size, the smaller the 


error will be calculating / 


Variation of Lot Six with Scheduling and Methods 


prove 


From Formula (2) it is observed that size os in 
creased when the unit holding time ¢ for work-in- process 
is reduced. The value of ¢ depends on the length of lead 
time, and also on the tune required for each operation. 
Whenever there is scope for improvement, the time ¢ can 
be reduced by imerensing the effectiveness of scheduling 
and uaproving the methods of production, ether of which 


Conclusion 


Consideration of the holding cost of the work-in- process 
mventory is offen very mportant determining the 
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economic lot size for manufactured products. Such con- 
sideration is essential in case of “fast moving” items, and 
less important in case of “slow moving” items. In those 
cases Where the unit holding cost of finished goods is 
negligible in comparison to that of work-in-process, the lot 
size becomes independent of the annual demand. On the 
other hand, when the holding cost of work-in-process ts 
negligible in comparison to that of the finished goods, 
Camp's formula gives sufligently accurate results for 
practical use. The consideration of both work-in-process 
holding cost and finished goods holding cost is necessary 
in intermediate cases for obtaming lot size 
Scheduling of production operations also has consider- 
able effect on the economme lot size. The economic lot 
can be by efficent scheduling and reduction 


operation titties through ret 
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The New Industrial Engineering, bv D.C. NMaleolm. 


Journal af Industrial engineering. November 

cember, 156 

Mir. Maleolm’s article mivites comment on three pomts: 

The that at generally possible to 
optimize simultaneously severnl variables the 
same set ob variables 

‘The idea that engimeermg moral or even ethical 


The wlen that 


essence data 


of our control systems are om 
three SO Mii Maleolm the 
Hnpression that itis possible te optimuze sinultaneously 
~“-veral variables im the same set of varinbles In his 
definition of Tndustral (Page 250) and in Box 
bigure (sre he states that the objective Is 
‘leust) cost) satistuetion of all parties” 
Later (Page 261) he refers to “the need to produce the 
possible at least Tt should be obpy 
Without reference to formal mathematical concepts, that 
thine objectives cannot be achieved 
cleende te produce cither the best possible or, 
thy of lenst cost. The objective of “lenmst cost and 
satistaetion of all parties’ Is alse 
Not only is it impossible to satisivy everyone moa group of 
anv size by teans of a single course of action, but even if 
it could be done, itis unlikely that the same course of 
aetron would be the one mvolving the least cost. 

is essentially amoral, The principles, teeh 
and methods of engimeermg, as well as its promlucts, 
can be used for evil as well as for good. Ships may be used 
to or destruction, communications systems to 
inform or Whenever moralitv is assocmted with 
enmimeernmg, ito the moralitv of the engmeer not the 
morality of engimeermg per se. While morality, or ethies, 
mav have a place in the declared objectives of an enguneer 
oroban engineering socety. it has ne place the definition 
of or ob anv braneh of engimeermg 

The idea that “many of our eontrol systems are oom 
essenee cata Processitipg “Vatetis (Page 258) 1s 
fairly comunon. quite untrue, nevertheless. A control 
essentially preventive Prenluetion control ps 
designed to prevent cob control to prevent 
col product through defective workmanship 
control to prevent loss of money through meffierent use. 
lL nless the element of preventiveness is present the svatem 
Is nota control svstem. The data processing system is, at 
best. only eorreetive. Tt beeomes aware of loss from data 
entered mto the svstem after the loss has oecurred. At the 
very best it ean do no more than produce a recommenda- 


thom for correcting the situation 
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In another important respect a data processing system 
lor a true control sVstet The control system 
consists of four elements: a standard, a variance, a sensor 
and «a controller, The controller, actuated by the senor 
when the variance reaches stated limits, takes action to 
mamtam conditions near standard Thus, the control 
establishing suitable of varmlulity, mensurmng 
Varhinces, comparing them with bones 
taking action when action iw ealled tor, Data processing 
svatems are much more luted. They can and 
collate data, that ts, measure and Compare 
recommend corrective action. but thev of and by 
themselves, set standards of determine acceptable limits of 


Professor of [ndustrial Engineering, Syracuse 


abort these | 


niversily, 


Author's Comments 


comments are welcomed is comsirietive 
claniving m the matter of stating the obyectives 
substance of Tndustrial Llowever, regard 
to hus port one, it appears that it Aes of the 
that have given him the pression that am 
suggesting a 

| reler te thie comt of 
the correct penny read, “the te 
the best possuble product at the least cost of money and 
worker effort” ‘The represent bey Nir 
It ws noted that | refer to the sam of these two 
costs and that TP do not speeity the method nor the units 
in Which these costs are to be mensured 

In general, adequate of the workers” own 
values, Which are not in terms of company money and do 
melude consideration of suggests a “‘lemst 
cost” enterion of greater breadth than Mir. Mehetnna’s 
penn of only “money costs” Wite te 
convey he theught that wis just such solutions that 
lrclustrial Engineers should search for this sense | 
beleve itis posable to search for an optimum: solution 
suggest that a more thorough reading of the seetron 
“Management Decision and the Objectives of the barter 
prise’’ will de much to clear up the unfortunate 
that Mr. Mehenna refers to 

In regard to pomt two, my ehowe of the word ethical war 
nol precine It was not my mtention to connote morality to 
the art and serence of engimeerng but rather, by the use of 
“ethical” as an adjective, to make certam that the objec 


tive to be achieved was stated mm such @ Way so a to 


THE JOURNAL OF INDUSTRIAL ENGINEERING 127 


melude the values of some sVatem of ethics. ‘The paren- 
theticeal statement following was further elaboration on 
this pomt. Despite the fact that my attempt at word 
economy Was misleading, | am not certain, however, that I 
agree with Mr. MeKenna’s contention that engimeering i. 
essentially amoral. burst of all, engineering is and has been 
overwhelmingly devoted to tasks leading to the benefit of 
the human race. This accounts for its acceptance im our 
sonety. Secondly, when the principles of engineering are 
used toevolve instruments of destruction, the use of these 
instruments is condoned or made “ethireal” for this tem- 
poral need of the particular somety. Lastly, in miy opinion 
when we write concerning “engimeering’” we are not only 
thinking of technique but of mtentions im short) we are 
talking of the profexsron and not of a scence 

A defiytion of the profession of engineering by T. F. 
Hateh bears on this problem “the art of organizing and 
directing men and of controlling forces and materials of 
nature tor the benefit of the human race’! kngimeering 
asa profession affects the development of our society and 
must therefore realize and assume some responsibility for 
the ethical woplieations of its efforts. 

Mr. Medvenna’s last pomt is an excellent discussion on 
control systems which comeur with, Nevertheless, when 
control systems are finally designed, iestalled and are 
operating, nie nulso date process “Vastetis limo 
so. Phe electrome computer should take possible for 
such to better tunetion as control systems 

was my hope that the article would promote serous 
isctission the ane obyectives ol the 
profession, Medvenna’s com 
ments to bring out and elaborate several 
tant Maleolm, Director OF Operations Be 
& Hamilton 


/, TTT 


The Standard Process Chart Symbols Need Revision 
by kdward LL. Page, Journal of Industrial engineering, 
September October, 
hate to disagree with Page. Tlowever, tind 

of his arguments foreygn tomy own experience. First of all, 

the transportation svinbol + can be drawn quite easily on 
two baste strokes. A printed arrow (> may be more esthe 
tie, but os ne less practical. The aren tor svinbols 


is fully as great as for any of the other svinbeol- 


So far as the storage symbol is concerned, a hopper is 


fully as efficient for storage as a pile. CA hopper may even 
climinate some handling in) the Process, ) It must he 
conceded that a \ would make a good hopper. The usual 
symbol for temporary storage is'Y . This is easily drawn 
free hand, and fits the hopper Y better than Mr. Page's 
ple A. 


lam to that Miro Page has no quarrel with 
the ©) (Operation) and the (Tispection) svinbols 

"Human spect. Hatch, Mechanteal 
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The DD for delay ix quite convement in the charting of 


paper-flow analysis. In these cases there i a definite 
difference between a “Delay” and “Storage’’. 

So far as confusion ofa Dwithan ora Lam afraid 
that such poor free hand drawing could not be tolerated. 
If draftsmanship is so poor that a O and are 
fusing, then simple algebra becomes impossible not to 
mention the detail required for a good process chart: and 
the analysis of complex systems. 

lf Mr. Page’s suggested revisions are ever put to a vote, 
I, for one, must reyect the proposal not merely because I 
am opposed to changes, but because the proposed revision 
secms to add nothing of value to the system. Hay Stahl, 
lndustrial Engineer, North American Aviation, Columbus, 


Ohio. 


Mr. kadward L. Page's article, Standard Process 
Chart Symbols Need Revision”, which appeared in) the 
September-October iwsue of The Journal of Industrial 
Knginecring, Was read with great imterest since the writer 
served as Secretary of the AS Mb. Committee which 
endeavored to standardize the symbols in 1947. Actually, 
the mayor task of this committee mvolved comprehensive 
definitions of the scope of the svinbols rather than their 
configuration. Dro Ralph Barnes’ “Motion and Time 
Study” illustrates the complete set ol svinbols proposed hy 
the Calbreths 1021, and will be observed that the 
accompanying definitions are quite brief. Nevertheless, 
these orginal syinbols did) possess the advantage of 
Varmlulity so that an alternation of one its own 
meaning. kor example, an equilateral triangle was used 
to tidieate the reeeipt of goods, and the same svinbol in 
verted was used to denote the Opposite. or thre dispost 
of varmbulity was true throughout the orginal Colbreth 
“Vinbols tor the flow of mdustrial processes, and the late 
saw the adoption of simular svinbols tor offiee opera 
tions Which subsequently gamed wide acceptance 

lt wm true that all of these sets of svinbol. were 
confusing number, and oat been sand that thos 
difficulty was recognized by brank Calbreth, At 
any rate, yeneral Usage reduced the common svinbols te 
five basic ones whieh are illustrated separately in Dr. 
Barnes’ text. was to these that the AS Committee 
wihdressed its work of and standardization 
lf ats recommendations did not receive the acceptance 
expected, a contributing factor would seem to be ilustrated 
in the writer's personal experience 

Paul Mulligan & Co. a consulting organization 
Which had been using process charts as an tool 
in defining work-flow prior to the creatron of the ALS ALE. 
Committee, and prior te the writer's it as Research 
Director, Adoption of the changed symbols would have 
mvelved an mvestment new templates and remadoct rina 
tion of a considerable number of chents. There seemed to 
be slight advantage im oa change, and the oryinal baste 
Gailbreth symbols contimued in-use. another change 
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proposed, itis urged that it be done through channels 


Which would avoid further confusion 


| original = \ uere presented through the 
VS Mob in P81, and their revision came through the same 
Secrets im Pte. Any change should be through the same 

Neo change should involve the use of original Gilbreth 
for thew te =ttiee thix wall lead te 
bor square standing on its corner Was 
intended an te represent ated if 
ot be tused now to denote a Tr benny 

Calbreth’s orminal purpose of Variability to indieate related 
meanings should be preserved in the imterests of those whe 


thee tse score Cheats thee 


The writer agrees heartily with Mr. Page's 
remark that Process chart svinbels are mot of momentous 
but he is anxious to further difficulties. 
With this intent, he and his associates are quite willing to 
developments this matter, since the Mul 
( ana its elrents use the charts soextensively, 
Varga, Research Director, Paul BR Vaulligan 


Interesting the High School Student in the 
bngineering Profession 


\ stimulating vouthtul mterest om 
anv branch of learning is the enlightenment of the prospee- 
tive student as to the seope each teld embraces. 
there are fewer meno the enygmeermg field, it follows that 
less is known about the engimeer and bis aetual duties. 
‘There ison desperate for better mformation at the 
high school level a need which ean be filled by AIDE 

To people living near a mestitute, the engmeer 
“one of a gang of students’’: to those loented an 
bier ety whe works low the \ ( 
pany to men, he “the chap 
the production control system’. These varied 
ure due toon lack of understanding the 
of a tramed techoen! man. Professional soctet res 
te publieize his merts, bat if the eryving need for 
new material is te be fulfilled, the engueer himself ost 


minke known bis worth 


Who ts th INDUSTRIAL Engineer? 


The tidustrial engineer is the man who has spent four 
orimore Vears ob mtensive study of such subjeets as algebra, 
euleulus, geometry, strength of remforced 
conerete,  tiachine desigen, Ving, 
hvdraulies, power plants, economies, business adminis- 
tration, ete. Tle os the tan who sets standards 
lor performance quantity and cost. Tle designs 
jobs and detertiunes the most economical way to do work. 
He establishes and meentive svstems. He ana- 


He tuakes 


Ivzes, establishes and evaluates job content 
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He designs svstems for controlling produet tor, inventory, 
quality and cost. Tle is responsible tor the design of 
ment layout, service facilities and plant transportation 
He plans production flow. He does organization planning 
and research on operations, and he mstitutes new methods 
for mdustrial safety. These are but a few of the myriad of 
problems the madustrial engineer is called upon to solve 
Ile ever striving to working conditions for 
man, thereby raming his standard of living 

The failure of the high sehool student to realize the 
Value of an engineering career is due maimly te the on 
herent reticence of the engimeer, himself. to rewenl his 
activities amd their Hnportancee to the well-bemg of the 
medividual; to the betterment of working conditions in 
industry; and to the progress of the world 

in other fields tell the publie what they de 
Carry our message to the publi, and te prospective 
engineering students. Help your local high  seheols 
Jack Bull, Seott & Williams. lne., Laconwa, 


hneouragement 

Recently received your letter confirming my chapter 
membership status and dues. nete that the dues have 
been mereused, whieh think is quite justified. The impact 
of your gramd exploitation of Industrial is 
remarkable. Like our Jounnan very well, Woosh that it 
were twiee as large. 

ihe to enll to attention, when | 
my dues last fall, sent a check mm for two vears dues. That 
amount bemg no doubt that will be billed only 
for the amount necessary when that tine comes 

Keep up the grand work. WM. kdward Dalen. Industrial 


Kngineer, National Nireraft Corp 


To speed production of Navy Aircraft 
Manufacturing Division needs 


INDUSTRIAL ENGINEERS 


for: 


Cost reduction programs... Improving 
methods, standards, processes, and 
procedures... Plant layout, analyzing 
machinery, tooling and equipment re- 
quirements ..Time Study 


We also have positions available for: 


Chemical, Electrical, Mechanical. and 
Plant Layout Engineers and Architects 


EMPLOYMENT OFFICE 


NORTH AMERICAN AVIATION, INC. 


4300 East Fifth Avenue, Columbus 16, Ohio 
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RECENT READABLES 


AL TOMATION 


“Comparing Analog and Digital ¢ bey 1) Breedon, 
Machine Design, page 140, December 14, 1956 
Mayor differences between analog and digital computers 
stem from ther fundamentally different approach to mathe 
matics The digital approach permits the use of nothing but 
elementary arithmetic operations and “yes” or “‘no’’ de 
coions, While the analog approach is one of functional rela 
Homehips between dependent and independent variables. Any 
appleation of computers which varies from this premise does 


may bey making use of additional mathematical formulation 


The author compares analog and digital computers on the 


bast of capacity, calculation time, set up time and accuracy 
“Hopper keeders est Bet for Small Plant) Automation’, by 
W Patton, The Age, August 23, 1956 
Hopper feeders, which con feed machines with parts of 
any shapes and sizes more quickly, accurately, and safely 
than operator, are desernibed by the author as 
man's best bet-oin the heetie race toward automatic 
This article deserthes some of the relatively 
low cost feeders that have enabled some manufac 
turers to reduce labor costs, increase ther degree of quality 
control, and raise output rates on existing machines by as 


much as per cent 


FORMS CONTROL 


Forms Control Poles Through Program’, by Tony 
Piseatella, Offer Management, September, 156 

In priter al rar electron equip 
ment the author say- paperwork in some form im here tostay 
This article, which outlines o procedure lor setting up a 
forms control program, emphasizes that management must 
realize the im cleneal cost reduetoon and 
establish torts control as a company before any such 
program can be fully effective 

“A Paperwork Costs are Controllable’, by Sipes, The 
Oletober, 10) 

cout Chat paperwork costs can amount to the 
total «ules and costs of a business, the author 
recommends comprehensive paperwork control 
Which would these element. reducing the ereation 
ot papers, (2) applying control techniques ter 
athee papers; Cb) using funetronally designed tiling <\ stems 
procedures; OF) providing adequate protection for valu 
papers. amd (5) storage atid clisproscl schedules 
Ile «of wats in whieh work 


procedures enti mince ethenent ane economical 


CENERAL 


“The Importance of Registration lmproving the Status of 

engineers” by Vicker, Vechanical Enginecring, Page 1105, 
December, 

The aspirations of the engineering college graduate should 

be to become a professional engineer and to himself 

in the company of those whe are qualified to practice in this 


profession To aequire this privilege, he must become a pro 
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fessional person in his thinking and his actions. Thus, profes 
sional registration offers to the young engineer a goal of 
personal development and an opportunity te serve mankind 
ii a tnore responsible and more privileged manner than that 
enjoved by others not so qualified 
“Job Evaluation A System of Salary Determination’’, by A 
deLeon, Warren Petroleum Corporation, Tulsa, Oklahoma, 1956 
Petroleum Mechanical bingineering Conference paper 
No. 5 PRT 1S (available to July 1, 1957) 

Inconsistent rate relationships between jobs, resulting 
from a pay rate not being consistent with job difficulty, i the 
only major problem job evaluation will solve and unless an 
adequate salary administration system is installed in con 
junction with the job evaluation study, the eure will be short 
lived. A job evaluation system will succeed only if it is in 
stalled properly and maimmtamed adequately 

Job analveis i divided into two parts job deseription., 
Whichis written and gives all operations, methods, conditions, 
equipment, authority, and other essential facts about a job 
or and job a list of abulities and qual 
fications person have to perform the job sutisfactorils 

The proviral “Vaetem of job evaluation is a method by which 
each job is rated against ~eparate factors and specie total 
ol points ts assigned each job 

‘('‘hart That bys Resen, The Oil and Gas Journal Page 
November 5, 1056 

to do a better job That's what's behind the work 
simplification round tables conducted in research affih 
ates of Stamdard Ohl Co 

The <tudy makes use of a multicolumn flow proces. chart 
Which outlines all the relating ton particular job The 
refiner thereby lays out before him all elements of the job 
amdean study them much as he «tudies the flow of an operating 
unit) Wall size blow of these process charts were made so 
round table participants could follow the discussions 

[se of the technique means wavs can be found to short eut, 
coordinate, or elammate activities which otherwise are re 


petitive, tiie consuming, or actually unnecessar' 


MATERIALS 


“Reeeinving on the Production Line’, by bk. Greuling, Wadern 
Vaterials Handling, Page O1, December, 1056 
The situation anv high volume manufacturing 
operation would be to eliminate receiving and warehousing 
operations. Materials should arrive at the point of use in the 
right amounts, af the right time, and so packaged tom tor bee 
usable 
My directing the development of contaimers from outside 
stuppliers, uble te cut receiving dock 
tons to a new low, get the materials to the poimt of interim 
storage, amd make purts directly available to productive 
operatiots 
The baste idea is that all materials shipped to Buick by 
suppliers, regardless of the nature of their products, shall be 
packed to permit the use of mechanized material handling 
devices. This is known as the unit load theory. 
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“Why Pallet Loaders’’, by Modern Materials Handling, 
Page 105, Oetober, 1956 
The area of appleation for mechanized pallet loaders is 
expanding rapidly. Keeent design developments promise to 
extend their usefulness greatly Originally, only plants turning 
apt high volumes with a minimum of produet variation could 
justify the large investment required for a high speed, fully 
nutomatic machine Now there are mexlels on the market 
ded at the needs of moderate volume, mixed lot producers 
si itit- have the sme problem: that first 
obyviotis iti high volume ries This special report 
ter where louders fit im today's then; 
2) how new designs and developments are attracting more 
users. amd the immed control techniques for all 
becasue 
‘Air Pillows Cushion Rail by Madern Vateriala 
Hlandling, Page November, 156 
economical ret ~hortng many ies bey 
rail eae steel ide to a wile range | dunnage 
lems That what an Army Quartermaster Operations 
Research Team reported iftter ecomdlucted a series of testes 
it tah earher this venus 
The dunnage units are best deseribed as inflatable ar bags 
or envelopes with round corners. They consist of an outer 
casting of ovlen fabrie coated with heoprene compote 
on each side and bladder made of unsupported butyl 
equipped with «a large diaphragm valve 
They are designed to provide a highly elastic and resilent 
restratuog methed of preventing cargo displacement and 


ORGANIZATION 


Spotting Trathe Jane Making” bey balitors, ¢ hemical 
Week. Page December 1. 1056 
lnereasing dissatisfaction with traditional flow ehart”’ 
organizational diagram spurred a number of chemical 
process companies in Canada into switching to a new system 
of charting job titles and funetion= 
The new method coneenved by Duteh consultant 
enlled “linear charting’ os 
dleseribed as a ur method of analy ated recording 
| Corporate, divistonal and departmental organization 
-troeture 
2 Job content and interjob relatronships 
Punetronal operating responsibilities and authorit 
There's always been doubt that flow ehart diagram 
originating trem military cham of command’ of 
orgunization are really for commercial or 
units That doubt has been building up as business entities 
have become larger complex, and more dependent 
pooled brampower’ tnpled in management's concern about 
heeping channels of communication amd use of “bram 
is a solution and deserthes how it ean be used 
‘| (Organization be }’ Nlarvin 
Page S82. November 20, 1956 
Many weaknesses in the engineering program can be traced 


te organizational defeets Management concern justified 


when engineers appear tea be an aimless ugeregate rather than 
a well eo ordinated team 
Organization isn't a panacea for every problem in the 
department but a sound organization structure 
will carry the engineering manager over many rough «pots 
! that would «pell disaster in an otherwise weak organization 
This article presents the four steps exsential in the building 


ofan effective engimeering organization 
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OPERATIONS RESEARCH 


“Solving the Transportation Problem'’, by L. Ford, Jr. and 
I) Fulkerson, Page 24. Vanaye ment Scrence, | letober. 
A simplified description of a new computing procedure for 

the Hitceheock Koopmans transportation problem im given, 
together with a step bry step solution of an thlustrative ex 
ample. The procedure is based on Kuhn's combinatorial 
algorithm for the assignment problem and a simple “labeling 
process” for solving maximal flow problem, in networks. The 
propemed computation appears te be considerably more 
efhevent than the specialized form of the samples method whieh 
tine 

“Optimal Design and Utilization of Communteation Networks” 

by Ralaba and Vanagement Scrence, Page 

Oetober, 

It ix shown that a number of fundamental optimal routing 

design problem: for communication networks comets t ing 
of facilitres for transmission, <witehing, relaying ete, may be 
treated in a straightlorward, computationally feasible man 
ner by linear UAL methods “These met heeds previcle 
a general svstem approach for resolving the complex imter 
actions among capacities, users’ 
generalizations ore clisetissed 

The Alloeation of Atreraft to Koutes 

Programming under Uneertamn Demand” by A. Ferguson ane 

(; Dantzig, Vanagement Scronce, Page 15, Oetober, 1908 


of Linear 


The of thus praperr ter tilustrate an of 
programming te the of ameraft 
to routes in order to maximize expected profits when there 
is neertaim customer ‘The approneh im 
the theoretical basis of this work found in an earher study 
The allocations are compared with those obtamed under the 
ustal proceedure of assuming a fixed demand equal te the 
expected value The computational procedure m similar to 
the fixed demand case, with only slightly more computational 
effort required 

This paper is intended both for readers interested im rout 
those interested im «tudving an example of an ation of 
linear programming ioder uneertamty 

Model for the of Railway brenght 
Train Movements". by A. Charnes and MTL. Miller, Vanagement 
Serene age 74. Oetober, 156 

offers a potentially fruitful feld for research i management 
screnece. The mass of data, the need for considering numerous 
aspects of the problem sanultaneously, and the variety of 
restrietions (arming from the teehnology, labor agreement« 
amd government regulation) make the control of day te day 
operations Inanagetment porenbele m of great complexity ‘The 
problems at this level are further compounded by the need 
for developing, at the same time, methods for planning and 
evaluating major changes in facilities. Such methods, if they 
are to be effeetive, must be capable of tracing out the mpl 
cations of these changes on the «ay to day 
apprasing the results in the light of the long run obyeetives 
of the railroad. This paper ix an account of an te 
apply certain techniques of management scence to same of 
these scheduling problems a= they were found to exit on a 
large terminal «switehing ratlroud 

“Variety in Retailing’, by Wo J. Baumel and Ide, Vanage 
ment Scrence, Page 04, Oetober, 

Many marketing problem whieh to be amenalle 
to the techniques of operation= research have apparently 
net been subjected to «vetematic analysim. article a 


first attempt at an analy<i of one aren the of 
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“tocked retasler ated it» relation te his his 


comt= uted bow protit- 

The analy of the relat these variables perinite 
the development of criteria for an optimal variety of items; 
that i, of CA PTC Which can indicate to the retailer 
whether an mecrease or a reduction in the number of commod 
ities styles and brand« which he offer« for «ale will enhance 
his profits The discussion aleo throws some light on a number 
a well known retailing phenomena like the growth of subur 


ban shopping centers and saupermarket- 


PLANE LAYOUT 


lndustrial Vilant Layout’ by JO Harju, Consulting knqinee: 
10TH) 

Ponting out that sound plant layout means increased 
and reduced manufacturing costs, the author 
examines the many factors involved, from choosing stipe rion 
plant site to providing built in protection from fire hazards 
Machine tool layout, material. handling, and other 
elements of plant operation are discussed here from the 
conmpulting engineer's view 

‘Trmming Coste with Smart Layout’, by Sehleusener 
ad Lester Young, Factory Management and Maintenance, Septem 
ber, 1958 

Hecause machine arrangement and materials flow have a 
“ghiheant effect on manufacturing costs, the Mueller Irae. 
('o hae made plant layout an important part of its cost 
reduction program This article describes the mnproved layout 
wheved by the witha step procedure featuring 
the use of process flow charts, transparent layouts, and 


MEASUREMENT 


Cleaning and Maintenanee’’, by Feldman, The Officer’ 
Page 07, September, 10565 
Cleaning and maintenance operations usually are managed 
aecording to the size of an establishment, esther by a com 
pany own employees, or a hired firm Offices ino multiple 
generally have services such as cleaning 
Hoors and emptying rubbish and wastebaskets imeluded in 
thear rent. Some firms, however, engage additional help to 
take care of waxing and other tasks 
Whether «a company has its own cleaning and maintenance 
crew or hires «a contractor to do such work, it i advisable to 
utilize a check list for regular inspection. This review often 
Hneovers items Which need mmediate correction and prevent 
comtly repairs 
lnelucded in this article a list of maintenance time stand 
ards and frequencies developed by the Creneral Service 


Administration, Washington, DOC 


Hooks 


Management hy Wieks and Irene Place, Allyn & Bacon, 
Ine 70 Fifth Avenue, New York 11, New York, 550 pages, $8.65 
A teathook which emphasizes the management View 

The authors identify the problems and provide guiding prin 
ciples low coordinating controls for 
eHective office operation Creeneral management factors are 


reviewed and appled to offcee management 


Supercosion of Sev ntlific and Kngineering Personnel by Lievd and 

todustrial Relations Seetion, California Institute of Tech 
nologs, Pasadena, S2 pages, $8 75 

In quick reading outhoe form, this book checklist= every 

prhiane of the care and bacetncdlannge of the professional emplovee 

sections cover the characteristics and development al 

the professional emplovee, building and maintamming a good 

technical team, appraisal of performance, the supervisor's 
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role in professional development, policies for salary adminis 
tration, benefit plan«, handling complaints and grievances, 
unionization of professional employees, communications, 
organization of a professional work group, what such workers 


expect of their supervisors 


A Primer to the Automaty by Dresser, Wyman, and 
Alden, Automation Management, Westhord, Massachtusett«, 
10S pages, $7 50 
Designed asa ‘first book’ for those who want to know what 
office automation is and how to apply it to their office. Major 
covered 
Thorough analyain ola presse nt ayatem needed before 
investigating machines for automation 
Where automation economically justified, it im quite 
easy to attain. Because there are now a whole range of stand 
ard machines that are capable of handling most jot 
Kram ples of integrated systems in many types of com 
panies. Most of the examples are from industrial plants 
All important types of systems between manual and 


computer 


Scheduling of Petroleum Refinery Operations, by AS. Manne, 1956, 
Harvard University Press, Cambridge, Massachusetts, ISS pages, 
$5.00 
In this study, intended for petroleum engineers and econ 
graphical met caleulus, linear 
and several types of nonlinear programming are used in the 
analysis of representative scheduling problem- The 
trons discussed are the allocation of crude oils to refineries at 
different locations; naptha reforming, gasoline blending; and 
~cheduling for a «mall im whieh cracking, recveling, nnd 
blending are integrated The book also includes a brief review 


ol conventional refiners economic sis 


Automation, Friend or Foe? bv RU Maemillan Cambridge 
versity Press, $1.05 

Automation has already made iself felt technologically 

and economically , ter cote’. however, has made clear how we are 

to prepare ourselves either for the crises or the benefits which 

this “‘secomd industrial revolution’ m likely to bring about 

The author sketches the history of control devices, the gradual 

evolution of automatic fabricating processes, the probleme 

of control system design, the economies of automation, the 

operation of computers. A final chapter considers future pro» 


Aveping Pace With Automation, published by American Manage 
ment Assoctmtion, 1956, New York 36. New York, 146 pages, $3.75 
\ collection of essays and articles by leading manufactur 
mg executives and engineering authorities, selected and 
edited to form “Special Keport No. 7", this volume serves a- 
a practical guide for the company executive. The nature of 
nutomation is cdisctssed, with its range ions 
an assessment of the degree of automaticity achieved im 
American mdustry today. The role of management control 
aml of the elect computer also covered 
under “Haste ‘concepts and Approaches” 
The Desiqnand Conduct of Human Engineering Studies, by Alphonse 
Chapanis, 75 pages, published by San Diego State College Founda 
tron, San Diego 15, California, $2.00 
This booklet presents the results of studies in this relativels 
new field) Subjects covered include methods of observation, 
methods for study of accidents and near accidents, experi 
mental methods, pavchophyvsical methods and statistical 
methods with summarizing, interpreting and experimental 
data. The book concludes with a discussion of some special 
problems of experimenting with people, including selection of 


subjects, methods, and apparatus 
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INSTITUTE INTERESTS 


SISTEM SIMULATION SYMPOSILM 


Si mpostum on Svsetem Simulation is being sponsored by the 
American lnstitute of Industrial bngineers the Inmatitute of 
Management Serneces, and the Operations Research Society of 
America, and will be held coneurrently with the kighth National 
Convention of the AIlk in New York, Mav 16 and 17, 1057. The 
is planned to meet the need tor an interchange 
al ileus iti the development of which 
simtilate business systems. banphasi will be on the type of simula 
tion Which enables the business man and analyst to test ndleas and 
changes in a system and quantitatively determine their effeets 
whieh can be used to generate a 
expenence ina matter of minutes, along with mathematical ty pes 
of wall be cisctssed 

Te the PS \ the following committee has been 
selected \Ir 1) NMaleolm I) \ Herts Tom Cas 
amd Mer J Ro Arwood, with Mr Wo \lbert« acting a- chairman 
Arwood will represent the Host Chapter and the Na 
Convention Committee 

\ttemdance at the will tee timated ane will bee bey 
beet for whee ire’ “work iti the frelel of stem 
Stimulation and whe are interested in the Svinpostum may contact 
of the above committe 

verbal re cote the results of the Sy will be at 
the 


printed regeort wall be porunthy bey the tes 


ifternoon <exstron of the Convention. In addition. a 


CALENDAR 


Commencing this month the Interest seetion of the 
Journal wall list aetivitres throughout the country of mterest to 
the Lasting wall be lates. will give the name 
of the aetivity, the loeatron, and o further source of information 
for those mterested Consnlerable advance notre will be neces 
scary te have these aetivities listed in time to reach the 

Calendar listings for April commence this and the 
ings Will be retamed eopy on ans partroular event outdated 
all listings to No Rogers, Stall Svstem= and 
Procedures, Waterman Ste corporation Hl st Joseph 
Street Alabama. sent to the Journal Othees om 
\tlanta ean only be tome to be lorwarded to 
vour Institute Luterest« biditor, Deadline for all lint m the 
lth of every odd month in the vear, Regularly scheduled chapter 
meeting will mot be listed in the Calendar, a» meeting places and 


lates are generally earrved elsewhere im the Journal onan annual 


April 

252, Annual SAM ASME Management . Kagineering 
Tlotel Statler, New York City. Write Publie Melat tone 
Department, SAM. 74 kifth Avenue, New York 11, New York 


May 


10. kifth Annual Meeting fiperation esearch Society of 
A\merion, Penn Sherwood Hotel 

IS. baghth Annedal Conferenee and Convention, Amerean 
Institute of Industrial bogineer<. Hotel Statler, New York City 
Write ALTE National Headquarters, 115 North High Street, 


March April, 1957 


June 

12 July Ath, Southern Regional Graduate Summer Sesston 
Statistics, Virginia Polytechnic Institute, Blacksburg, Virginia 
Write Boyd Hanhborger, Head, Department of Statisties, V PUT 


Industrial Engineering (-rowth 


In the November December, 1056, edition of the Jeurnal 
Mr. kimerson and Mr. Maleolm used f S. Census of at 
figures in their articles pertaining to the growth of Industrial 
Mero Emerson would like to correct these figures 
in the following manner 

“The growth of industrial engineering has been superceded by 
revisions made by U.S. Census of Population and the latest figures 
revise downward estimates for both 140 and 1950, presumably 
as « result of a reelassification of what constitutes Industrial 
Lngineers The present totals earried im the latest 
of Population publications are 12,000 for fer 
This represents an increase of 2S 000 of a 20> inerease over the 
12 in 1900) Dion Maleolm's comment that the figures used bey 
the Census are questionable still true since many 
perhaps were put inte the of Industrial Logimeering a 
result of the war 

The latest figure for all engineering merenses from HO to 1950 
was The inerease for which was next 
to Inelustrial bnogineering in fast growth wae (hur 
is therefore still impressive 

These revived higures therefore, cles trent hange the come 
in either article. Lndustrial m «till the fastest growing 


held of engimeering 


BIRMINGHAM CHAPTER 


The Birmingham Chapter’s program for the year 1056 
most challenging printed tn its entirety as an illustration of 
the variety ane depth that may be achreved through 


planning for the vear's 


“Changing Industrial Engineering’, Witham ©. Tiley, Choe 
Atlanta. Cen 


fietober 


“The € of Lneduatrial hngineering in Government Inatallations”’, 
Joseph Moqguin, Chief Industrial Ariny 


November 5. 1006 


wen of Statiaticn in liv Holbert 
Lehrer, balitor in Chief, Journal of Lndustrial bogimeering 
Professor of Industrial bingineering, Georgina lnetitute of 


Technology. Atlanta, Cin 


December 4. 1008 


‘Take a Look at Tomorrow Through Aluminum’, WI Wer 
man, Chief Industrial bogineer, Kamer Aluminum and Chemical 


(Corporal rot Maton 
January 7, 1057 


“New Derelopments in Industrial Engineering’, Noward baner 
son, President, American [netitute of Industrial 
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Head of Industrial Engineering Department, Universifa of 
Tennessee, Knoxville, Tennessee 


4, 1957 


“To Be Announced”, J. Levin, Production bLogineer, United 
Mill» (lorporation, Mount Ciilead, North Carolina 


March 4, 1957 


“From 7 Study Industrial Engineering”, Jack W Cammack, 
Chief Industrial bngineer, Stockham Valves and Fittings 


Company, Kirmingham, Alabama 


April 1, 1957 


“How to Measure Fork Truck Performance’, Vruno A. Moski, 
Director of Industrial bngineering, Yale and Towne Manufae 
turing Company, Philadelphia 15, Pennsylvania 


May 6. 1957 


Federal Mediation” , Wenry Baker, Commissioner, Federal 
Mediation and Counciliation Service, Birmingham, Alabama 


(Cleveland Owen ix President and To HW Welch is Program 
Chairman of this very active chapter 


CENTRAL INDIANA CHAPTER 


The Central Indiana Chapter met at The Purdue Union Build. 
ing in West Lafayette, Indiana, on November 15. The chapter 
was pleased to have a joint meeting with the members of the Long 
Range Planning Committee who were attending the 1956 AITE 
‘Vinportm at Purdue University. We were very fortunate in being 
able to viewt with the following members of the planning commit 
tee: Wok. Alberts, Prof. J. Apple, Prof. J. W. Deegan, Prof 
banerson, wing, A. Forberg, Groseclose, 
Prof. RON. Lehrer, DG. Maleolm, L. T. Ohmart, 
A. Payne, Prof. A. W. Rathe, Dr. A. Schultz, Prof. W. 
Steffy, FJ. Tither, GG. Wall, A) Western, Prof. Laitala, and 
Dean MOP O'Brien 

Professor Howard binerson, President of the re 
viewed what had been done and what was beimg done to advance 
the national status of the AITb: 

Mr. Ralph Updegraff, Viee President of our Central Region, 
commented on his position in forwarding information and sug 
gestions received from the chapters in his region to the national 
office 

Mr Matthew A. Pay ne, Coeneral Manager of Lubrizol of Can 
mda, spoke on the afl higher obyectives of Industrial 
bagineering Mr. Payne's talk explored the area of what should 
be the ultimate aims and objectives of our profession 


Transportation Research Symposium 


Cinder the direction of Professor A. Charnes, Director of Ke- 
search, Department of Industrial Management and Transporta 
tion. and sponsored by The Institute of Management Scrences, 
the Operations Research Society of America, and the Central 
Indians Chapter, American Institute of Industrial Engineers, 
Ine, Purdue University will hold the first symposium devoted 
exclusively to the presentation of management research findings 
in the field of transportation, on February 27 28, 1957, in Lafay 
ette, Indiana 

This Symposium has as its purpose to present the most recent 
results of management science research in its appleation to all 
phases of the transportation industry. It is intended to emphasize 
and balance in presentation both the point of view of practical 
operations and the point of view of method or “management 
science’ innovation. It will attempt to stimulate the transfer of 
ideas developed in one type of transport operations to others 
Finally, the Symposium will strive to inaugurate a consortium of 
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fellowship among leaders in transport management and in man- 


agement science research 


CHARLESTON -HUNTINGTON CHAPTER 


Mr. J. L. Hamilton, Executive Vice-President of Island Creek 
Coal Company, Huntington, West Virginia, spoke to the local 
Chapter of American Institute of Industrial Engineers in Hunt- 
ington on November 12. Attending the meeting were 65 members 
of the local chapter, plant managers and other executives of the 
several companies represented in the AI[k Chapter 

Mr. Hamilton reviewed his company’s use of industrial engi- 
neering activities. He stressed the importance of industrial engi- 
neering in the coal industry particularly in view of the constantly 
Mnerenihg demand for coal throughout the nation “Through 
team work and cooperation, industrial engineering’’, said Mr. 
Hamilton, “has found a real important place in our company”’ 

Some of the uses to which industrial engineering has been put 
at Island Creek, Mr. Hamilton stated, are, one, in creating a 
sense of cost consciousness among new foremen and other mana 
gerial presonnel, two, designing and selecting proper equipment 
for efficient coal mining, three, developing coal mining and coal 
preparation methods and, four, projecting costs for future profit 
determination 

The local chapter of ATLL, which was organized in May 1956, 
has grown from an initial membership of 45 to its present member- 
ship of 60, representing 13 companies in the Charleston Hunting- 
ton area. With the present membership, the Charleston Hunting 
ton Chapter ix one of the largest chapters of AILk in the nation 

Also, at this meeting the members and the several plant execu 
tives were given copies of a Chapter Membership Booklet. The 
booklet contains a page for each member on which is printed his 
picture and information including his employer, job tithe, address 
and schooling. The purpose of the booklet is to permit the mem 
bers to know each other better and thereby foster more ready 
exchange of ideas and beneficial discussions The booklet was 
financed by contributions from companies represented the 


chapter 


CHICAGO CHAPTER 


On Tuesday, December 11, the Chicago Chapter 
sored a one-day Work Simplification Clinic. This was their first 
full day conference, and was highly successful 

The chapter was very fortunate in securing the services of Mr 
\ H. Mogensen as the main speaker. Mr. Mogensen is rated as 
one of the ablest lecturers on the subject of work simplification 
in the country, and has been active in this field sinee 1937 

A steak luncheon gave those in attendance ample opportunity 
to discuss work simplification problems with personnel from many 
of the outstanding firms in the Middle West 

The luncheon speaker was William GG. Caples, Viee President, 
Human Relations, Inland Steel Company His subject, “Current 
Problems in Reeruitment in Industrial Relations’’ was most 
entertaining 

This one-day clinic demonstrates the active part the Chicago 
Chapter is taking in providing programs of interest to industrial 
engineers in that area 


CLEVELAND CHAPTER 


The American Institute of Industrial Kngineers, Cleveland 
Chapter, in connection with the Cleveland Technical Society 
and television station KYW presented «a program to high «chool 
students interested in a career in Industrial Engineering 

The Program in itself showed the importance of the modern 
industrial engineer in industry, and also showed a problem that 
was encountered in the Cleveland Kock Drill Plant, Le Roi Di- 
vision, Westinghouse Airbrake Company, and how it was solved 
by modern industrial techniques 
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The ALLh. Cleveland Chapter conducts conferences to aid stu 
dents in selecting and preparing themselves for a career in In 
dustrial Lagineering, and in addition, gave a $25.00 Savings Bond 
for the best letter sent in by a high school student on why they 
would be interested in a eareer of Industrial Knagineering. The 
winner was William Fo Crouse, «a student of Shaker Height= High 
School. This award was highlighted during the TV show 

The Cleveland Chapter ALLE also presented another TV show 
early in the new vear over station KYW, concerning automation 
and the part plaved by mdustrial engineers, and how to interest 
high school students in Industrial kngineering 

The regular November meeting of the Cleveland chapter was 
held on November first at Hotel Cleveland. Prof. Ralph Swalm 
spoke about the contraversial subject “Machine Replacement’’. 
Swalm is prolessor of industrial engineering at Svracuse Univer 
sity. He also serves as an industrial consultant for both domestic 
and foreign elrent~ 

\. many of the chapter members are or will be actively engaged 
ift plant programs, equipment replacement, or au 
praisal of machinery on hand, the discussion was tremendously 
informative to the 

The regular December meeting of the chapter was held on Dee 
ith at Hotel Cleveland At this session, Robert Kanter, 
Director of the UAW ClO spoke on “Union Attitudes Toward 
Inelustrial Mr Kanter the assistant director of the 
UAW Research and kngineering Dept. of Detroit 

Kanter has been engaged in AW aectivities for 2) vears, having 
started) as toeolmaker in a machine shop He attended the 
Institute of Technology, and is presently working on a master’s 
degree 

Heiss a member of the ALTE. 

The January meeting, held at the Cleveland Hotel, featured a 
talk by Warren bo Alberts, lndustrial kngineer with United Au 
lines, Chieage, His subjeet was “Dndustrial kogineering 
and Operations Research” 

Mir Alberts has made extensive studies of Operations Research, 
ated ~pearheaded very comprehensive project at United 
Airlines cde flight schedules, maintenance schedules, 


fits 


DAVTON CHAPIER 


four technical session for January was planned to miorm the 
| of new developments i fabrication methods 
This presentation Was given to \lr K. St ilher, Manager of 
bleetrie Comprar \ireraft Gras Turbine Division 

Many new baste approaches to manufacturing processes, useful 
tore from the wery cdiffeult fabrication 
lems inherent om jet engine manufacture. Welding, shaping, 
machining, ated torming high strength metals to close tolerances 
at reasonable cost are some of the problems involved. Some of the 
new developments i whieh Mer. Stalker has been active are chem 
mottling metal removal by chemrecal action «park machining, 
ceramic tool and very high speed machining. These proneer 
ing eflort= and resultings savings were deserihed (with «lides) by 
Mir. Stalker, also related the significance of cost reduction to 
winning the economiee war, as now bemg conducted: this broad 
perspective should be of high to the mndustrial engineering 
profession sitvee at emphasizes thie role of the industrial 
engineer 

Mr. Stalker is « recognized authority in the manufacturing 
field. He graduated from the University of Colorado with degrees 
in engineering and social screneces. Later he received a degree in 
law. His experience has been primarily in the power field both in 
design and manufacturing. During the past «ix years Mr. Stalker ha» 


been with (rb in development of new manufacturing processes, 


March April, 1957 


EAST TENNESSER CHAPTER 

The 1956 57 season was opened with a dinner meeting at the 
University of Tennessee, Student Activities Building. Some sixty 
members and guests heard Raymond L. Watts, of General bleetrie 
Company, Schenectady, N. Y., discuss “Creative bogimeermg 
Problem Solving” 

Mr. Watts related in detail the funetions of the creative engi 
neering training program at General klectrie where he » in charge 
of Course Development for the Creative h-ngimeering Program 
After his prepared speech, Mr. Watts answered questions from the 
audience pertaiming to the subjeet of Creative bngineering 

November 15, 1956, the hast Tennessee Chapter toured the Bo 
waters Paper Company Plant at Calhoun, Tennessee. This ts one of 
the largest of the newsprint manufacturing plants= and contains 
some of the most modern designs of materials handling equipment 

The ith Annual Regional Conference Southeastern Region will 
he sponsored by the bast Tennessee Chapter on February 15 and 
1, 

The Last Tennessee Chapter Otheers are 

Ronald Boling, President 

Robert ©. Krapf, Viee President (Programe) 

MW. Beverly, Secretary Treasurer 

Hateher, Director of Publicity 

il Paul Haswell, Jr Director of Membership 

Hubert Criss, Director of Meeting» 

Howard J. Hieks, Sr, Director of Organization 

Wallace DD. Kessel and Dr. Kyle Reed, Regional Conference 


(‘o Chairmen 


FORT WAYNE CHAPTER 

The Fort Wayne Chapter of the American Institute of Indus 
trial engineers has established a $100.00 scholarship in industrial 
engineering. Eligibility for the scholarship is limited to High 
School Sensors currently enrolled in any high school located within 
Allen County The scholarship will be awarded on 
competitive basis to o« student of outstanding achievement, 
professional and financial need 

The current shortage of engineers in industry has prompted the 
local orgunization te provide the scholarship It intended to 
stimulate more interest in industrial engineering among High 
School 

Applicants must have the intention of earning a degree in 
or the equivalent ata college approved bry 
The Couneil for Professional Development. Three of 
the most likely applieants will be required to take the Aptitude 
Test of the College Laotrance Examination Board in Mareh, 1057 

The scholarship committee of the Fort Wayne Chapter of the 
American Institute of Industrial will seleet the winner 
based on: (1) the appleant’s high sehool reeord, (2) need for 
financial assistance and (4) the examination scores. Presentation 
of the award will be made at the Annual Management and Cost 
Control (Conference whieh the chapter will itt May, 
1057 

The following Fort Wayne Industrial Liagineers are serving on 
the committee bk. Awbrey, Chairman, K Harker, i 
J.-H. Buek, Caple, G. Cripe, Dimit, Wo Ferguson, 
A. Hill, 1). Karger, L. Lenarz, Menselle, 
A. Rembhart,C. A. Wagner, Jr, and Zernick 


INDIANAPOLIS CHAPTER 


The Central Indiana and Louimville Chapters have, worked 
jointly to assist in the formation of an Indianapolis Chapter of 
A.1.5.F. 

An Organizational Dinner Meeting was held in lndianapelin, 
Friday evening, October 26. There were fifty eight present 

Temporary oflieers were elected and the necessary orgnnizna 
tional committees appointed. Mr. William bk. Oliver, bli Lally & 
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Company, Indianapolis, was elected Temporary President. Mr 
Oliver bas carried the load in the formation of the Indianapolis 
‘hapter 

Short talks were given by members of the Central Indiana and 
lanueville Chapters on the History, Growth and Objectives of 

Mr. Dion Trenwith, National Headquarters, Business Admin 
intrator, extended greetings to those in Indianapolis from the 
National Organization 

Members present from the Central Indiana Chapter for the 
dinner were: Mr. Young, Mr. HoT.) Amrine, Mr. C. B 
(sambrell, Mr. 0). Lewis. and Mr. A. Rayl 

Those from Loumville were: J. Rouse, Bervant, 
Mr 0). bldridge, Meo MeCormick, Mr. M. Garrett, Mr. BR. 
Kolineon, Mr. J. Kighy, Mer. J. Wernert, and Mr. J. Guenthner. 

Both Central Indiana and Louimville Chapters extend their best 


Wishes to Tndianapolis for a wonderful chapter 


JACKSONVILLE CHAPTER 


The Jacksonville ¢ hapter comducting a series of round 
table discussions during the winter months, held at the Mayflower 
Hotel, at M on the second Thursday each month 

In November, the round table leader was Tinsley W) Rucker, 
President, Dixon Powdermaker Furniture Company. The topic of 
the discussion wae “How Can the Industrial bengineer Sell His 


Services to Management?’ Student chapter members from the 
tniversity of Florida attended 

The December meeting had as it« topic, “How To Install and 
Operate a Cost Reduction Program’ Mr J. kred Mulling, Mine 
Logineer of Humphrey's Gold Corporation, at Starke, Florida, was 
the round table leader for the evening 

The first meeting for 1057 was led by MV. Haas, Management 
(Control. Superintendent Overhaul and He-pouas Department of the 
Naval Air Station. The subjeet ander discussion was “Operations 


Kexeareh’’ 


1s ANGELES CHAPTER 


Vetivities of the local chapter are tnereasing at a very favorable 
rate as the meren~ing attendance at this vear’s 
dinner meetings Program Chairman Don Mihelich'’s ‘triple 
threat’ agendas comprising technical «peakers in the Tndustrial 
bagimeering field, speakers in other field related or otherwise 
and an informal technical clinte preceeding each meeting have 
stimulated the members and encouraged many new guest« to 
awaken to the presence of our group in the Southern California 

The pre dinner activities for the November meeting featured 
the Technical Clinte, which was so well received the previous 
month The onginal clinte featured Robert hdgecumbe's mterest 
mg presentation on “PRlexsible Liane Balaneing’’ and Steward 
Widoll’< clariheation of “Standard Data Time Study in 
lishing Standards’’. The second cline imeluded Stan Wolfberg’s 
“An Way to Determine Multiple Machine Interference”; 
Mill Csathries’ timely subject “Pacihty Planning’; and Brady’ 
case example of “A Canadian Plant Installation’ 

Dr, Donald Duncan, Preliminary bogineering Section Chief, 
Ciuidance Dept, Autonetics Divisron, North American Aviation, 
enlightened the group on the subject of “Inertial Navigation” 

Mr George Brandow, Krandow & Johnston, Structural 
neers, President of the California Legislative Couneil of Profes 
sonal spoke on the registration of with 
particular emphasis to our branch of the profession. 

The program was “topped off with a special film dedicated to 
all Los Angles Free Way Drivers on the “Hi Lites of the Mexiean 
Koad Races." 

December's meeting maimtamed the fast pace established this 
vear by Program Chairman Don Mibelich featuring a ‘‘multiple 


oflense’’ 
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Mr. Bill Roberts, President of the Universal Fabricating 
Company, addressed the group on the subject “Riches Un- 
limited’; an explanation of the American ways and mean of 
obtaining and maintaining our high standards of living. It was a 
fine <elling job on American Industry and the techniques used to 
stimulate the individual spirit to promote the best interests of the 
group. His subject involved the “human relations"’ aspect of the 
incentive <vstems as a supplement to the monetary programe 

Mr. Loum A. Selogie, Associate in Engineering, University of 
California, Los Angeles, “pointed up” the fundamentals of our 
profession in a very thought provoking talk on in 
Industrial bingineering”’’. Getting away from the lay interpretation 
of an Industrial Engineer being svnonomous with a Time Study 
Man, the speaker emphasized the broad characteristics of the 
field. He used his own varied experiences in the consulting field to 
ilustrate the specialized knowledge and skill in the mathematical, 
physical, and social sciences required, together with the principles 
and methods of engineering analysis and design 

Again the “triple featured program’’ was climaxed by an enter 
taining film on our continental defenses. The pieture “24 Hour 
Alert” ‘produced by the popular Mr. Jack (Dragnet) Webb, gave 
the audience documentary evidence on the latest development» 
planned for America’s protection 

January's pre-dinner clinie featured the top flight array of the 
following speakers: Messrs. J. Fo Fisher and Howard Dickason, 
both members of the consulting firm of Benjamin Borchardt and 
\ssociates, who discussed “A Consultant's Approach to Inclustrial 
Lngineering’’ and “Break even Charts Applied to Small Bus: 
nesses,” respectively; and Mr. Walter Herbst, Consolidated West 
ern Steel Co., presented a thought provoking topic, “Stimulation 
and Maintenance of Management Participation in’ Industrial 
bngineering Activities.”’ 

The month’s feature speaker was Mr. Stan Optner, Member of 
the Technical Staff of Ramo Wooldridge Corp., disctis-ing the 
“Ingredients of Successful Machine Loading.” 

Participating in «a joint venture with other technical groups 
SAM,AS AS MOT and Systems and Procedures 
Association the local chapter <ponsored a “Ladies Night” meet 
ing featuring the eminent Dr. Lillian Gilbreth, speaking on “Man 
agement in Industry and the Home.’ The general theme of the 
meeting and the co sponsorship arrangement proved to be vers 
successful in promoting a ver, large attendance and giving the 
Varios groups an opportunity of exchanging mutual te 
mention the opportunity tor the Ladies to find out “first hand’ 
What their men are supposed to be doing both at Home and at the 

\nother highlight of the month's activities was the 
of the Special Fellow medal to Dr Kaalph artes pre sented direct 
ing wetivities at the University of California at Los Angeles, for his 
outstanding contributions in the Industrial lLogineering treld 
Not the least of Dr. Barnes’ contributions im the field were hi- 
particular efforts in initiating the foundation for the development 
of the Los Angeles Chapter, which has grown in a few short vears to 
its present complement numbering 200 members 

The month of March saw a continuation of the 
iden, tome with the Methods< Time Measurement group The 
evening featured a panel discussion of the M-T techniques 
expounding both the theory and the actual appleation to local 
midustrial situations 

The evening's pre dinner clinte featured Don Knapp, Serve 
Mechanisms Inc., speaking on “People and Plants and How to Get 
Them Together,’’ Will Whitson, Management Consultant, di- 
cussing “Special Phases of Management Consulting;"’ and Mr 
Robinson, who enlightened the group on the subject “Industrial 
Lngineering in Chicken Farming.”’ 

The long range planning for the 1958 National Convention to be 
held in Los Angeles has evolved a special Committee headed up by 
Mr. Howard Dickason. The committee has passed the outline 
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stage and is currently delegating the various assignments to the 
chapter members to isure the participation of the group and the 


suceess of the forth oming event 


LOUISVILLE CHAPTER 


The Chapter tes present programs of the 
highest quality in their monthly meeting-~ 

In October, Mr. Thomas bk. Bartlett, Assistant Professor of 
Industrial at Purdue University, «poke knowingly on 
the application of linear programming 

In November, Dr. Irwin Lazarus, Director, Ordnane®™Man 
agement bngineering Training Program, Army. discussed 
development with management controls. Dr. Lazarus stressed the 
three step method of establishing proper control svstems in large 
organizations: Plan, Follow up, Correetive Aetion. Dr. Lazarus 
showed many slides of various control graphs and devices to aug 
ment this control system 

In addition, two other distinguished guests spoke during the 
evening. Art Briese graciously consented to <it the meeting 
and relate a few of his anecdotes The other giiest “Was Ralph W 
pdegraff Vice President of the Cente il Region 

The December meeting featured a program on quality control 
presented by baward M. Sehrock, Quality Control Engineer 
with American Standard Company Mr. Sehrock helped found the 
American Soeety of its Control 19416. and has worked 
this prior te if iit talk “lie received en 


thustastically by the large number of members present 


VEMPIIS CHAPTER 


meeting November 1955. at was held at 
Memphis \h Dev Jackson Avenue. After a short business 
Nir Harold Kichared Deminger of the 
Logistic Data Processing Othee of \h presented 
fomputle: 

Nir Runft hiet of the Data Processing 
thee, and Lt. Dininger assigned to the Operations Research 
of that office. This wae a program broth these = 
ers are top noteh men in thera 

In December, the Memphis Chapter was fortunate enough to 
have as a speaker Mr. ob. Slagle, past President of the American 
lnatitute of Tochustrial Nir Slagle whe tx associated 
with the f S Steel Cor bent spoke te the members ‘oni the 
part they eould pole mo the “Organization and Future of the 
\merican Institute of Industrial bogineers”’ 

Ih Januar Hebert Niillard \h “its formerly 
with the Podustrial bogimeering Diviston, bastman Kodak Com 
“erved a= « commentator on the “Standard Time 
\ecounting Nisllarel t= assistant engineer at the Mallory Ab 
be “ii well le the cline tims dente the it 
trom of tome studs data te the formulatoon of standard cost 
program 

The Organization Commuttee has completed a revisson of the 
uh lor verte bos ated bios 
the organization inte agreement with ome of the reeommenda 
troms that had been made trom time to time by the national head 
quarters. The Memphis chapter im to be congratulated on taking 
mo aetive step toward making ther organization a streamlined 


steel werk 


MIDDLE TENNESSER CHAPTER 


(ine of the most recent additions to the growing family of Senior 
(Chapters im number 64, the Middle Tennessee Chapter of Tulla 
homa, Tennessee 

The Middle Tennessee ¢ hapter ite initial meeting im 
Tullahoma, “The Queen City of the Highland Kim", May 8, 19056, 
through the organizational efforts of Kobert L. Koger and Wendell 


Morch April, 1957 
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Giraddy of Tullahoma. The off to a stimulating start 
by suceessful efforts of the orgnnizers tao secure the services of 
Professor Howard Emerson, Head of the Department of Industrial 
bingineering, University of Tennessee and National President of 
the ALTE, as guest speaker 

(itheers elected pro tempore at this meeting were 

President Wendell Graddy, ARO, Ine 

Vier President William Prather Cieneral Show ¢ 

Secretary WT. Gentry, Rubber Company 

Treasurer Robert L. Koger, AKO, Ine 

Subsequent summer and fall meetings of the budding organiza 
tion were held at the ARDC Officers’ Open Mes« and were high 
lighted by guest speakers whe are prominent figures in Tncustrial 
bngineering and related field« of endeavor, Richard Bruckart, 
Professor of Engineering at Texas A and M College, was the 
speaker for the June meeting Professor Bruckart’s topie was 
in the Holy Land." speaker for the 
July wie Professor John \ Henry of the hanteal 
bngineering Department, University of whe spoke on 
‘Quality Control as a Management Tool"’ In August, the meeting 
was for members and their wives. Professor George Thuering, of 
Vennsvivania State College, gave an interesting talk on “Work 
Sampling.”’ that entertained both the members and ther wives 
The next meeting was in Oetober and the speaker for the meeting 
was Dr JF. Bailey of the University of Tennessee. Dr Barley 
discussed “The University of Tennessee Craduate Degree Pro 
at the Arneole der ver Center’ 

The Middle Tennesse r received its charter from the 
national hendguarters Columbus, Ohio in October and 
hiately eeded fer ated eleet officers 

The December meeting was in the form of an 
membership participation im diseussien on poliey, propeets 
agenda for the next vear. The veted to have meeting» 
at various plants» and factories in Middle Tennessee and to arrange 
for tours and discussions with per | Projects 
included engineering career guidance programe for high school 
sponsorship of a tlm distribution center 
progratien where the “ereative thinking” can 


ple ed 


Officers and Directors Mickle ‘Tennessee Chapter of the 
Sitting Left te light: Mimer Balbbver, Treasurer, Wendell Ciraddy, 
President: bidward Prather, Viee Vresindent Standling Left to 
hight) Miles Maynard, Constitution, Robert Koger, Membership 
and Qualifications; Lrnest Teasley, Programe, 7 homas 


* Harry ( Seeretary, wae abeent when coger win 


taken 
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PHILADELPHIA CHAPTER 


The Philadelphia Chapter was honored to have Phil Carroll, 
Northeastern Kegional Director of the AIlk, as its November 
speaker. Mr. Carroll's topic was to Chart Timestudy Data’. 
Mr. Carroll recommended the use of standard data for setting 
time study standards. He explained the use of various techniques 
for charting timestudy data. Mr. Carroll «tated that the goal of 
every good incentive program should be 100% company wide 
coverage. Incentives should be applied to indirect and clerical 
Operatiote as well as to all direct work 

The measurement of cleMal and indirect work are areas which 
have been frequently neglected in the past and, therefore, repre 
sent a real challenge to the industrial engineer. Mr. Carroll's ap 
proach to this problem is to present standards by means of stand 
ard data. He «tressed the need for consistency in setting standards 
The benefits of a good incentive program are greater productivity, 
lower unit overhead cost, better planning and control, and in 
creased earnings for the worker. Mr. Carroll recommended the use 
of a one for one incentive plan for production above standard 

The speakers at the December meeting were Mr. Michael Dam 
roth, Senior Industrial bkagineer, Merck Sharp & Dohme, division 
of Merck & Co., Ine., and Mr. James Rt. Keogh, Jr., Manufactur 
ers Representative. Their subject was “Installation of Automatic 
Materinixs Handling Systems") Mr. Damroth is the incumbent 
President of the Philadelphia Chapter. Mr. Keogh i« a past 
President of the Chapter 

Mr. Damroth discussed the thinking that the industrial eng) 
neer must use in planning and designing automatic materials han 
dling «vetems. He stressed the need for creative imagination in 
approaching materials handling problems. The industrial engineer 
should approach each problem with an open mind. He should 
never let his thinking be restricted by a pre-established product, 
know how, or facility 

Mr. Keogh discussed various case histories illustrating the 
thinking and problems involved in installing automatic materials 


handling «ystems 


CHAPTER 

The first meeting of the 1056 57 sertes for the Pittsburgh 
( ‘hapter was held on November 7 at the Westinghouse balucational 
Center, The principal speaker was Dr. Lillian M Gilbretht, who 
delivered a very iepiring message on the “Human Side of Auto 
mation’’ Mr M.A. Payne, former national president of AIL, 
outhned the advantages of a professional industrial engineering 
somety and cited the phenomenal growth of the AILk. This meet. 
ng Was attended by a capacity turn out of over 200 persons 

Mr KO} Ferguson, View President of Methods Kngineering 
Counel, was the principal speaker at the second meeting on De 
cember 5. His discussion, “The New Decision Making Tools of 
Management’’, reviewed in a practical manner such Operations 
Research topics as Linear Programming, Queueing Theory, and 
(same Theory. Ferguson m the author of a forthcoming book 
Linear Programming Fundamentals and Applications to be pub 
lished by Me€iraw Hill 

WR. Turkes, Associate Dean of the Schools of bkngineering 
and Mines at the University of Pittsburgh, and A. G. Holzman, 
Associate Professor of the Industrial engineering Department of 
the University of Pittsburgh, have served as co chairmen for 
the November and December meetings and have directed the or 
ganization of an Industrial Advisory Council to stimulate the 
interest of Pittsburgh industry in the local chapter of AILh 


SAN DIFCO CHAPTER 


We have been waging an aggressive membership drive lately 
with the net result that we doubled our active membership during 
the three summer months. The applications are continuing to 
come in steadily and we fully expect to triple our previous high by 
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the end of December. Part of this success has been due to a hard 
driving membership campaign and also to a very much improved 
program setup 

As an illustration of the latter at our last dinner meeting we had 
one hundred and thirty attendees. Our program consisted of a 
panel type discussion on the subject ‘What Top Management 
Expects From an Industrial Engineering Department’. The panel 
members were: Moderator, Tod Carter, Industrial kngineer, Solar; 
Speakers, Capt. R. H. Wallace, Prod. Officer, U. 8. Naval Repair 
Facility; L. M. Limbach, Vice Pres., Manufacturing, Ryan; W.G. 
Dollmever, Viee Pres., Operations, Solar; B. F. Raynes, Vice 
Pres, Manufacturing, Rohr 

Since last April we have never had less than 100 meeting at- 
tendees and the programs have been extremely well planned and 
interesting 

Plans are going ahead steadily for an outstanding Western 
Regional AIL convention next spring. It will be held at the 
Coronado Hotel in Coronado (San Diego), California. From all 
indications it promises to be one of the finest engineering type 
conventions that has ever been held on the West Coast. James 
Nordah!l, Western Regional Vice President, met with our Board 
of Gaovernors recently and expressed approval of the preliminary 
planning that has already been completed. 

The San Diego chapter meets regularly on the second Tuesday 
of each month for a dinner meeting at the exclusive Cuvamaca 
Club. Any and all industrial engineers who may be in the area are 
cordially invited to attend 


SAN FRANCISCO-OAKLAND CHAPTER 


The above picture shows S. FF. Oakland Chapter members, 
Frank Taylor and Roy Kahn presenting a work simplification 
program to a group of Oakland High School “Junvr Achievers” 
This program was developed especially for junior achievement 
companies as one of the Chapter’s educational projects. Its pur 
pose is to demonstrate to the achievers how their enterprises can 
” made more successful by improving methods and eliminating 
waste of effort, time and materials. Last fall, a team of 12 speakers 
toured the Bay area and presented the program to a large number 
of the junior companies for the first time Results to date indicate 
that it has been very successful 

On Sept. 20th, James DD. Nordahl, Chapter member and Western 
Regional Vice President, addressed the first meeting of the Uni 
versity of California Student Chapter at Alumni House in Berke. 
ley. Jim presented some very interesting facts concerning a> 
opportunities on the west coast as well as a very frank discussion 
concerning what the future engineers could expect to be doing in 
the early days of their professional careers. This Chapter has 
always been interested in the activities of the local student 
chapter and one of the events looked forward to each vear is the 
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pont meeting The meeting this vear was held at the 
be luretmeant Hotel mm the Hill. featured 
most interesting talk by Consulting Logimeer, Kenneth C Carver 
engineers tee meet aned talk 

\nether Chapter member. Prot ¢ Keach. of the Une 
versity of Calttornia. appeared betere the television cameras of 
balueational Channel Gon the ought of Dee an inter 
view program. he brought out many mteresting fact« con 
cerning the field of todustrial engimeerng and several examples of 
voung people te consider the feld of medustrial engimeering as o 
eareer At eoneluston of the program. Viewer= were asked te write 
tes the for tres the lereehure ters 


SAV CHAPIER 


The September meeting of the Savannah Chapter was a plant 
the Derst Baking Company in Savannah The group wae 
shown the cope reat bere amd eahe making, and a 
short meeting was held afterward. 

Mr Maelravne. Regional View President and member of 
the Savannah Chapter Board of Direetors. gave a talk te the 
Witton Salem of ATT Winston Salen ite 
September Tis subjyeet concerned the <hortage of teachers im high 
schools tramed to teach screnee and engineering courses Me 
MaecKravne stressed that the tndustrial engineer should meet 
professional responsibilities by volunteering to teach serenece 
Classes in high sehool< where there are shortages, and te get inte 
communit) aetivities in them area He pomted out that mdustrial 
engineers are tramed to analyze whieh eould be of 
great help in community propeet= 

The Oetober meeting of the Savannah Chapter Wim | 
cussion on the shortage of tramed <crence teachers in Savannah 
Members of the vere 

JOM Maelravne, View President for Southeast Region ALTE 

W harly, Superintendent of Sehools and past Nok A 

ST. Nutting Savannah Chapter ATLL President 

Comming=. Southeast Kegronal Director for ALLE 

JOM. Parr. President of Jomut Couneil of bngineering Soewette- 

in Savannah 

included members of the Counenl, representatives 
of Active Citizens for Edueation, the \rmestrong College. and other 
interested groups The meeting was essentially an ideas meeting 
Whieh the whole group developed the discusston <tarted by the 
panel A number of ideas were suggested during the meeting; such 
thon of secomdary school children to the senentite professions \ 
motion Was made to have the <ubjeet brought up at «a meeting of 
the Jomnt boganeering Coune:l of Savannah 

The November meeting was held in conjunetion with the 
boagineering Counel of Savannah on November ti at the Hotel 
Manger in Savannah This meeting was <ponsored by the American 
Secrets of Civil who obtamed for a speaker, Brig. Cen 
Chief of the Vieksturg, Mise, aren 
of the Corp. of bingimeer~ Hix subyeet was “Civil in a 
(Changing 

The Savannah Chapter of ALLE sponsored «a Counerl meet 
ig last vear We were privileged at that time to have a= a speaker 
Col Fo member of the Board of the 
Journal of bogineering and head of the lndustrial 
bogineerog Department at Georgia Teeh His subjyeet wae 
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CHAPTER 


\ December meeting of the St) Lowe Chapter was held Db 
cember 12. 1058. at Following Nir rt 
Kanter, Director of the United Workers Researeh 
pores steel cf 

Mir WNanter’s appearance on the program Woe return 
ment Pe is an outstanding speaker the of Labor relatven 
having spent the last 16 vear= engineering work woth the Dates 
national 

oof Coranite City Steel Companys. woe ter the 
UAL 

Vt the general meeting Mero Diver. a relat 
tor mergers a= well as marriages: 

The unusual title for Me Diver's talk evolwed trom long 
het= The talk gave the auchenee a welder perspective on the In 
lastrial place ated the of then 
funetion with top management 

WoL. Penniman of Shoe Ceo St) Lene. aetedd a 


chairman for this meeting 


TULSA CHAPTER 


The Tulxa Chapter of at tt« December meeting Mi 
(ob. Thempeon. 
Hikinhoma Inatitute of Technology, Chiahoma ated 


The program sulyeet wos, ated Principles of 
trons of demonstrated case es 
Where problems with only two could be 
progressed te the use of the solving of 
complex problem= discussed wae why tdustrial engineers 
are particularly well suited for the of research. what the 
need to equip themselves for this expounding trenel Mi 
Thompeon wae selected te direct the oper ratios by me 
at OO after having «vernal in research and 
ment «tudes He heold« «a Masters Degree in Chemical 
ated t= aetive in comsulting work 

Vt January meeting the Tulea Chapter back ae tte 
speaker Mr Fo View President. 
haul, American Airlines Civerhanul and 
experence with bngineers and workong 
in ttedustrial engineering makes hom well te 
udministrative aspeet= of the feld Before poring Atmertoun Au 
ploved by the Kaiser Metal Producing Company While at Kates 
he was Works Manager sel Stanelare« 


WINSTON-SALEM CHAPTER 


of the most sucees«ful meetings of our organisation 
history wae held on Neowember 27, when 174 membere ane 
guests representing [6 varted attended « meeting 
te hear Miss Bonnie Dev of Statetreal 
Qluality Control Western bleetrie Company. Allentown 
Penn=vivania Vlant She “poke C‘omtrol fer the 
which created considerable mterest bey the 
questions asked the <peaker coneerning speeihe app of 

chapter te continuing te «trive for mere 
program of speaker= and aetivities te cur 
from approximatels member= and a greater represent at pon 


of the many located in thie aren 
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RSDAY 


The American Institute of Industrial Engineers 
Will hold its 


EIGHTH ANNUAL CONFERENCE AND CONVENTION 


Thursday, Friday & Saturday, May 16, 17 & 18, 1957 


THE HOTEL STATLER IN NEW YORK CITY 


HIGHLIGHTS OF AIEE CONFERENCE 


‘Talks on Every Major Area of Industrial Engineering 
hield Trips 


bree Kmployment Service 


Small Group Seminars 
Ladies Program 


exhibits 


Motion Pictures 


Closed TLV. 


Way 10. 1087 


The Industrial biogineer of Tomorros 
Peter Drucker 
Management Consultant and Author 


(organization \ Management Tool 


VER. Lohmann 

Viklahoma Institute of Technology of the 
(iklahoma Agricultural and Mechanical 


College 


Hlow to Kecognize the Need for an Industrial 
Program 

Maynard 

President 

Methods logineerng Council 


\ Progress Keport on Operations Kesearch 
A. Hoffman 

Manager, Operations Research Group 
American Machine & Foundry Co 


Profit Planning and Responmalality Keports 


(‘ontroller 
liresser Tnclustmes, Ine 


breeman 


to Set Up an Industrial bngineering 

Querbach 

Senior Industrial 

\menecan Cyanand Co 


KO} Sandberg 

Viant Manager 

Cieneral blect rie 


Centralized Data Processing in a Decentral 
ized Company 

Ciuest 

Controller 

Svivania blectre Products Ine 


Luncheon 
Kopes of 
Kenneth MekFarland 
Sponsored 
Cieneral Motors Corp 
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Te pic 


BANQUET 


WVORNING 


Popre 


re 


The Industrial Engineer as an Aide to Top 
Management 

H. k. Nourse 

Vice-President 

United Airlines 

New Methods & Approaches in Work Mea- 
urement 

LL. Brouha, 

Physiologist 

ky. 1. du Pont de Nemours & Co 


A Case Study in Industrial Engineering 


Day H. Axsheroft 
Vice President Works Manager 
Manufacturing Bausch and Lomi) 


Bausch and Lomb Optical Co 
Optical Co 

Applying Statistics to Industrial Engineering 
A. Crawford 

()perations Research Section 

Research and Engineering Co 

The Earth Satellite Project 

Felt, Jr 

(Operations Manager 

Glenn L. Martin Co 


FRIDAY May 17. 1987 


Pro & Con 
(‘on 


Incentives 
Phil Carroll 
Professional 
bngineer 


Don A. Rudkin 

Manager of Indus 
trial Engineering 
Merck & Co., Ine 


Union Influence in Management Decisions 
Hess. Hall 
Partner 


Hall & Lange 


New Techniques in Production Seheduling & 
Planning 

H. Knippenberg 

Product Manager 

Compression Fitting» 

Dresser Industries, Ine 
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on 
at 
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Topie \re We Going Overboard with Cost Figures’ 
1 W. Keller Topic 
(Controller 
\rmatrong Cork Co 


Topic Inventory Control by Operations Research Topic 
1). Maleolm 
Director of Operations Research 
Booz, Allen & Hamilton 
Topic 
Topic Human Relations Research as it Affeets In 
dustrial Lngineering 
Argyris 
\xsociate Professor Fopie 
Department of Industrial Administration 
Yale University 
Topie 


Topic How to Make «a Computer Feasibility Study 
A. Toll 
Data Processing Svstem= Manager 
Sperry Givroscope Co 


Luncheon Talk 

\mencan Know 

Dwayne Orton 

buhitor, THINK, and kducational Consultant 
International Business Machines Corporation 


Lt NCHEON 


President, Couneil for International Progres« 
in Management 


The Conference Thursday and Friday 
Saturday is open only to members. 


AFTERNOON 


Report on the Jont ORSA TIMES Sy - 
tems Simulation Sv 

Warren Alberts 

Director of Industrial b-ngineering 

United Airlines 


Progress Report on Work 

H. 

Assistant) Professor, Industrial Management 
Massachusetts Institute of Technology 


The Industrial kngineer and Quality Control 
J. M. Juran 
Consulting Management bngineer 


A\ New \pproach te Reeords Management 
A. Barean 

bxecutive Director 

Records Management Inatitute 


Closed Cirewt T. Vo Reviews the lndustrial 
hngineering Mainstream 

Moderator 

Chet Huntley 

News Analyst 


National Broadcasting Co 


Intimate, behind the scenes interviews 


mule possible by the T. V. camera... on 
new applications, new research aml new ap 


proaches in engineering 


Operators and camera supphed through the 
courtesy of the General Preemion Laboratory, 


Is open to non-members as well as members. The Convention meeting on 


bor a detailed announcement or registration write to: AIIE, P.O. Box 8, Substation 15, New York 54, New York. 


SCHEDULE OF FEES 


Full Conference 


Member Member 


Sis 


This includes all sessions on Thursday & Friday and two luncheons and one banquet. The Convention business sexsion= 


on Saturday are free The Convention lineheon on Saturday is not included 
Thureday Only 
All Thursday sessions and one luncheon 
Thursday Sessions Only 
Thursday Luncheon Only 
Friday Only 
All Friday sessions and one luncheon 
Friday Sessions Only 
Friday Luncheon Only 
Saturday Convention Luncheon (open only to members) 
Saturday Convention (for members only 
Banquet Only (on Thursday ) 
Proceedings Only 
Undergraduate Students, High School Teachers & Vocational Guidance Counsellor 
All Thursday and Friday Sessions. Luncheons and Banquet are not included 


Lades Program 


Sis $21 
sis 

7 
Sis 


Sit im Sis 
s7 
free 

sin 
$i im 
si $i 


For the wives of full registrant«. This includes the Thursday banquet, a gift and a program of activities during the 


(Conference 


NoTES 


1 Transactions are ineluded free of charge with full advance registrations received before May 1, 1057 


2. There will be speakers at all luncheons and the banquet 


3. Unfortunately, luncheon and banquet seating» can be guaranteed only if advanced regi«tration« are made 
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CONFERENCE ENHIBITS 


CLAVE TEL CORPORATION OF 4 


The OCthivetts m the advanced of all de«k 
ye pointing « Hheulater= combanatioon of high 
eat and inter operation transfer provides a fant 
for solving comlbaned caleulatvon- 

ri, wae thy if ure the printed 
nol reeult« are clearly try appropriate 

leatures exclusive in the printing caleulater 

«hert cut negative tite 
mative fetention of a constant multipher and of a constant dive 
automatic of the total of accumulated product- 
lor an) quent caleulatron multipleation and dive 
ton Without manual setting. automatic accumulation of 
awd automatic squaring with wo resetting 

The ‘Tetraet Mill be featured in an unusual cieplay at the 
(Plivetts te information on the Tetraety = and 


FACTOR COMPANY 


vittor= with the FACTON System of pre determined 
tines with the other -ervice= of the ¢ 

Interesting applications, stamdard data, day work and meen 
tive wall be 

\ wall be devoted to current WOK FAC TON research 
especially in the aren of mental processes and visual tispection 
Veivanced section of the fortheonmng FACTOR text 


will be of FAC TON appleation= on 


wall be avathable about other services mehiding 
interesting work now beng done in the of cost 
revluction and hotel mmnagement 


Member~ of the WOkK FACTON Stall will be available to 


MAKAKING SYSTEMS 


The otmplete of hand devices and «\ 
for amd marking of tags and cartons will be on 
There will be of the new Dual SO Label 
Pronting Machine which prints product and content rlentifeation 
labels at the cate of 105 per minute There wall aleo be demon 

irutions of the «\steme for direct to 
slapping cartons The company will exhibit two types of 
hipping stencils which can be prepared as a by product of the 
onder invetce writing proceedure 

NEW VORK TELEPTIONE COMPANY 
1M) New Vork 7, 
\ communications service that t custom engineered to meet 
the exacting requirements of ene houser often the hey to a stu 


tie hi service 
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ln the manufacturing field, for example, serviees are designed 
lew Integrated Processing program which poll ther 
“ales offtee= and polant operations peut order= 
reports where Veni want them Vent 
want them 

\utomatic sending and receiving equipment and typing re 
shown in the New York Telephone Companys Work 
are base at the data cata 
centers 

The Bell Svsetem ean alxo provide telephone and video grade 
Channels for the alternate use of the written word. the ~poken 


word ated hireet eard 


INTERNATIONAL BESINESS VMACTIINES CORPORATION 
New York 2%. New 


APR equipment, providing «a new, fully integrated 
speethealls for the sitomatic colleetron of 
tion date at the source of manufacturing operations, fills a long 
“taming need in industry 

bast and flexible, can express itself both in machine and 
It has the abulity to eolleet correlate -tore ane 
record accurate te the minute ion data om 
t\pewriters locuted along the tenn line The eard 
tape medio, contamng such variables as weight, count, length 
fetnperature together with related information yong 

flesthility stems from the <ixteen newly developed 
cf blocks.’ which are assembled 
appropriate combinations to meet the requirements of 
Vurvity recor ite They inelude saute 
“Vstem consists of the Component= required on the of the 
TU tos be covered amd the nature of the 


operation 


THE CONFERENCE BOOK SERVICE 


lrlington 


$70) Columbua 
Miember=« whe attemled the Seventh Annual Conference and 
(lonvention tn Washington last vear will remember the book ex 
hilnt whieh attracted much attention there” and 
arranged by the Conference Book Service, the primary purpose 
of the exhilaut om to enable conference ter sare amd te 
examine freely as comprehensive a collection of new and current 
works in fields of interest to Tndustrial boingimeer< m likely to 
be found under one roof anywhere. Most American publishers are 
represented \ printed ol all exhibited will 
be avatlable at the exhibat free of charge 
The provicles ati which all Tare 
the chance to inspect af first amd without bother or obliga 
thom mans of the books whieh are see 
regularly these ure invited encouraged ter 
wall, Those wishing te purchase or order book= may do so at 


the 
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WORK, WORKERS, 
and WORK MEASUREMENT 


By Adam Abruzzi 


The principles for determining objective means of esti 
mating and predicting workers’ production rates, first 
\bruzzi’s WORK MEASUREMENT, 


are now widely accepted. This new book features a 


presented im Dr 


theory of work of which the measurement ideas of the 
previous book are but one part. Dr Abruzzi first analyzes 
Classical theories in terms of the “theory of games.’ lle 
then examines the behavioral problems of workers at the 
work place and discusses their effect on measurement 
poren ediures. \ new theory of both wer fatigue work 
skill emerges, and lr, Abruzzi shows how these two as 
jure tx of hus theors ire’ related Ile coneludes try relating 
hus new work theory to t hie pet of automation atl 
shows that it on fact. vertled by what tis im the 


15? pages, $7.50 


Order from: 


Journal of Industrial Engineering 
A. French Building 
225 North Avenue, N.W. 
Atlanta 10, Georgia 


HOW TO USE GAME THEORY to pick winning strategies . 


strateqy moat likely to win. The book makes clear 
a problem solving technique first applied im malt 
tary affairs, and now finding application in buss 
ness and everyday life 


This primer of game theory puts s “mathemats 
up your sleeve. [t deal« with qames of 


Written in «a light vein, with many amusing illus 
trations, the book «<tays close to fundamental« that 


thor deals with many Variations of twa person, 


A French Buliding 


shows how to analyze game situatpons 


avVatinble <trategies bow to tinned the 


The COMPLEAT STRATEGYST 


Being a Primer on the Theory of Games of Strategy 


JUST PUBLISHED 


INDUSTRIAL 
ENGINEERING 
HANDBOOK 


om © i. VMAYNARD, 
Ni 


C pages 


Pri side nt nyineccring 


arly 


7 


browd pr actin il, and authorttative treatment of the w cone 


industrial engineering and its procedures and techn: 
tices of thy fre ld Are aime d pte d ree pene 
and et been tual fer h ck ve re amd if 


pre qer Bath procedure ed derectty by the madustrial 
ind related ones such a quality control and tool amd ate 


covered, abe human and industrial relates and techmeal problem 


Written by speciah ts, fromm a factual amd ter chee ot h, 


ind in readable torm. the forms an mvaluable reference: 


and methods book tor the engineer and tee managers and 


comcerned with mdustrial engineering problems 
ORDER FROM 
Journal of Industrial Engineering 
225 North Ave. N.W. 
Atlanta 10, Georgia 


234 pages, 6 « 9, 
illustrated, $4.75 


J 1) WILLI AMS. malica The RAND (‘orporation 


hoe with ordinary arithmetie The atl 


games those games im whieh there are two 


Order from JOURNAL OF INDUSTRIAL ENGINEERING 
225 Nerth Avenue, W. 


of this book 


CHAPTER HEADINGS 
contheting interests. Anytime vou find conthet of eduction 
interests in some event, you'll find «a game situation Two Suateqy Games 
shaping up that can be referred back to the methods Tree Swategy Games 

Four Sietegy sad Larger 

Games 

Atlanta 10, Geergie 


Uncover HIDDEN PROFITS in your plant or shop with the— 


@ HOW FOREMEN 


CAN CONTROL COSTS 


@ TIMESTUDY FUNDA.- 
MENTALS FOR 
FOREMEN 


TIMESTUDY FOR eh, supervisors, engiheer= 


use these specie fact«, data and methods to get on 
cot problem iti quick order 

Starting right at the front-line supervisory level, 
this Labrary points out the foreman’s responsitalities 
gives scores of helpful suggestions on such A full explanation «of the total conversion-cont 
peur foreman cost probletius changing 
thew handling rush orders 


COST CONTROL 


@ HOW TO CONTROL 
PRODUCTION COSTS 


@ HOW TO CHART 
TIMESTUDY DATA 
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«olve bern 


for 


Waiting time serap, and so on 


\n expert on the subject, Phil Carroll, shows you 
exactly how to take on cost control problems — and 


at all levels in the plant or shop bore 
timestudy men all ath Complete, practical explanations eover the 
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5-volume McGraw-Hill 


PRACTICAL COST CONTROL LIBRARY 
By PHIL CARROLL, 1372 pages, 460 illustrations, only $19.50 


Timestudy techniques and applications 


— From the ABC's of timestudy, this Library leads 
you step by step through the «tandard setting proe 


entire timestudy procedure how and where to «tart 
standard data, applying standard«, and 


Maintaining complete ineentive thetallation 


method of control gives you tested means of boosting 


protit plugming comt leurs 


Order your Library from JOURNAL OF INDUSTRIAL ENGINEERING 
A. French Building, 225 North Ave., N.W., Atianta 10, Georgia 
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American Institute of Industrial Ine. 
145 N. High St. 
Columbus 15, Ohio 


Fntered as 


sccond-class matter 


Stevens Rice 


University Microfilms 
313 N. First Street 
Ann Arbor, Michigan 


